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FOREWORD 
TO THE TRANSLATIONS CONCERNING THE MARKNAGEL. 


Perhaps the outstanding centribution of German surgeons — 
during the past decade will prove to be the Marknagel (marrow nail) — ae 
of KUENTSCHER. Following animal experiments concerning the nature ig 
of callus formetion and the influence of mechanical factors on the | 
healing of fractures he extended the principle of the SMITH-PETERSEN 
nail to the fixation of fractures of the long bones. 


As might have been expected, his report on this method at 
the Surgical Congress in Berlin in 1940 was greeted with srme 
amusement, same skepticism and even some derision. The introduc- 
tion of such a massive foreign body into the hathowed abtea of the | At 
bone marrow was flaunting one of the most generally accepted theses — 
of surgery. me 


Hewever, the facts that healing did take place, that patients — 
were weight bearing and being treated as outpatients unusually early, 
thet certain well known difficulties in treating fractures were : 
Simplified, were all matters that could not be overlooked. The 
technique has a remarkable appeal te the mechanically minded sur-_ 
geon. As ofteh happens, the method was employed by some without 
a thorough understanding of the principles, indications and Jimite- ee 
ations. The predictable disappointment followed. ‘oes 


The procedure then entered the phase of the clinical test. 
Now it may be said to have gained a more proper place in the minds 
of orthop@dic surgeons. Those who have a wide experience with the — 
method use it successfully in cases where its use in less ex- 
perianced hands would be folly. 


The hazards\of damage to the blood forming function ef the 
bone marrow, of fat emboli, of delay of bone healing, of phlegmon 
of the marrow cavity, of infection of the fracture site have all 
been weighed. Most of these have been givaa their appropriate _ 
place as can be found in articles translated by this séction. 
The question of whether or not to nail in the presence of an in+ 
fected fracture site remains the item of greatest debate. Some yi! 
well experienced in the use of the method advocate waiting fer the — A 
acuteiphage of the infection to subside and then preceed to nail, ~~ 
Their reasoning is that the nailing does not cause such a spread 
ef infection that this amounts to a contraindication but that the 
stability previded by a proper nailing actually aids in clearing 
up the infection and furthers the healing process. It goes without | 
comment that other equally’ a surgeons consider this as 
hazardous. ae 


Through all the 
astensynthesis" recurs over and over Reise ‘This is, in the Pr 
analysis, the keystone of the entire matter. An ideal marrow pe 
nailing will achieve a "stabile osteosynthesis". The nail pro~ 
vides an internal splint, whieh at its best will probibit the note 


ha, 


of nailing done under his general supervision, He now regards itas 


times less suitable adie other methods. | ON ae e a 


while early weight bearing permits the action of the forces which 
press the bone ends together which favors callus formation and 
bony healing. 


The fractures in which this ideal can be achieved are for 
the greatest part located in the middle third of the shaft of the 
femur. No other method of treatment offers the same edvantages aoe 
as are found with marrow nailing for this group of freetures. ‘a ; 
When this particular group of ideal cases is eliminated the use _ weet 
of the marrow nail becomes simply anovher possibility among a het is 
number of methods for fixing fractures, Its disadvantages and pir 
advantages will have to be weighed, along with the same con- . 
siderations for all other known méthods and the method most ap- “ee 
plicable to the given case may then be selected, Rice” 


After having discussed this method with various surgeons, 
observed patients in the hospitals, reviewed case histories and Roa 
X-rays, witnessed operations for the insertion and extraction of ie 
the nails it is my frm conviction that the marrow nail is here  ~ 
to stay in one form or another, just as certainly as the crutch, 
The principles concerned with its use are well within the grasp ie 
of any fundamentally well trained surgeon.' The technic of the Ss aie 
operation, thotigh having its own special eort of pitfalls, is pep 
not complicated. As so aften is the case in medicine and sur- es 
gery, it is not the comprehension nor the mechanical ability Tea : 
but rather the judgement of the surgeon that makes the dif- Bra jc 
ference between a successful result and a less satisfactory Betas 
result, aN 

aah | 


After two days spent with him, observing cases, reviewing 
histories and watching operations at his clinic, KUENTSCHER hin- : 
self summed'it up as well as anynne when he told me "It is no i ss 
cure all, but it is a good idea, a lifesaving one in some cases", | eee 


This collection of translationSis intended to cover various 
aspects of the use of the marrow nail. % is not intended that: |) :auam 
this project should be a complete library on the subject. Re- ya 
presentative articles have been chosen for translation, several 
from unpublished manuscripts. The facs that .a numler of them a 
originste from the orthopedic clinic at the University of Kiel ._ ae 
is only natural. The largest single group cf ~ases and surgeons | 
associated with this method come from there. Other extensive Coa iy 
groups of material hawe been available to BO#HLER in Vienna and ? 

HAEBLER in Hannover. BOEHLER has aiready published two pro- | 
oe illustrated editions including his experience with this Res 
method. One ventures the opinion thut time and experience has’ Rei 
tempered his early enthusiasm. HAEBLER who was a surgical con- ps 
sultant for the Luftwaffe at one time liad material on 800 cases aa 


an excellent method for certain carefully selected cases, and Bae, 
otherwise just another method - sometimes more suitable, some- Sone 


. KUENTSCHER, hb probably has a vat patacial experience f 
than any other surgeon, unless it might be BOEHLER uses the nail 

more freely in border-line eases than the others. He served en a i 
the Finnish Front during the war and since the cessation of PR ee 
hostilities has been praeticing in what, by American standards, nes 
are positively primitive surroundings - his clinic was former~ hee 
ly a run down institution for feeble minded children. When this 


writer visited him in November of 1946 the beds of this strange 


el _ the most astonishing senor tier of me ainsucune OF 
cs within recall, — aa g 


~ 3 


i - It seemed as though the failures of other surgeons, the : 
"too Old! patients, the cases of faulty union, old cases of 
pseudarthroses, literally the lame and the halt of ell kinds, had 
heard of this man and made their way to him, These people came 
to him as a "last hope" in many cases, willing to risk any 
hazarde The conditions under which he has had to practive these Ba 
past several years and this attitude of fatalism of many among ‘: 
his patients probably has had an influence on his’ point of view. 


Certainly KUENTSCHER uses the nail. in a wide variety of \ 
cases not considered suitable by others, He says he is him- ee 
self astonished many times - that he uses it often only because 
other methods have been tried and failed and the patients have 
come expecting to be nailed. One comes away from this hospital 

with the feeling that the patients get well here when they did 
: not elsewhere because of the patience of this shy man - and a he: 
BY "stabile osteosynthesis". 


: One may wonder why a former professor of surgery at a 
university medical school is working in such an environment. He 
says it only goes to show what youthful idealism ca do to a man. 
After several visits and a number of hours together I asked him 
_ how this happened to him. His story has been confirmed elsewhere, 
Bek In the formative years of the National Socialist Party in Germany, 
| while a student, he joined the group out of idealistic opposition Sige 
to Communism. He is a quiet, shy person of the true scholar type a 
~ still a bachelor. People who knew him well state emphatically 
that he was an idealist entirely out of step with Hitlerian poli- 
cies, They say that it was his quiet nature that caused his down- . 
fall ©» that although out of sympathy he did not (or could not) 
resign from the party. He was not toofwell im favbr with the = 
; "powers" in the Army as suggested by his assignment to the Finnish 
: _ Front where he was "forgotten", His being isolated on the Finnish 
. Front for so long is considered by several of his acquaintances 
to be proof positive that he was considered "politically unreliable" 
by the Nazi party. A curious aspect of this is the hearty foreword Ase 
given the booklet "Die Technik der Marknagelung" by A.W. FISCHER, a 
a well known Nazi in Kiel. Although’ KUENTSCHER is‘listed as an te 
author he disclaims any authorship. 


Now that the wer has ended his record indicates long tine ie 
_ party membership and consequently he cannot hold any university 
position. Under these cigeumstances he may be well off where he 
is, because he is at least allowed to practice his profession. 
There is hope that with the passage of time, and the quieting of 
propaganda, sober individual consideration may be given cases 
such as his and that hs may be re-established in better surroundings, 


Several books on the marrow nail have been published. It 
aprears that the first such book was prepared as early as 1942, 
"coauthored" by KUENTSCHER and MAATZ ~ contemporaries at the 
University of Kiel. Due to circumstances of the war it did not 
actually leave the presses until late in 1944. KUENTSCHER quietly 
disclaims all association with this booklet which is principally 
a discassion of technique. In 1944 HAEBLER of Hannover brought ae 
out a pocket sized war edition "Die Stabile Osteosynthese (Mark- eae 
nagelung nach KUENTSCHER)" published in Munich. mi 


BOEHLER has published a profusely illustrated editinn of his 
work on fractures with an extensive-consideration of the Marknagel 
which appeared in 1945. In 1946 a volume in French was brought out » ut 
by R. SOEUR of Brussels, It was printed in Belgium, Baas: 


4 cheek SCORE eing 


-kh- 


Both HAEBIBR and KUEWTSCHER now have in preparation their 
personal experience with this method. Both of these works will 
be worthy of careful reading. . 


These translations are offered without any apologies, 
The translation project of this ection was conceived as a worthy 
contribution of the Medical Corps of the Navy ‘to the scientific 
literature of English readipg peoples ~ making available selected 
information before it might be generally avaiiabdie considering — 
the shortage of printing facilities, limited availability of 
German journals and the backlog of unpublished manuscripts and 
uncompiled research data and the general neglect of clinical 
medicine and surgery by technical intelligence organizations. 
The excellent FIAT Reviews have done much to correct this 
threatened oversight in a general way. One will still have to zo 
to the original literature for details,Lt. Col. James BLAISDELL 
of the Medical Cerps of the Canadian Army, who did yeoman service 
as the editor of the FIAT Reviews in Medicine, regretted this 
fact deeply and did all any cne man could to overcome it. 


During the period of parturition, these translationshave 
been beset by a number and variety of troubles impossible to 
imagine beforehand. Now that their accouchement is at hand the 
father of the project can only draw. a weary breath and beg in~ 
dulgence for any faults the rerder may find in the cffspring. 
It has been a long and tedious labor, ig yy, like this child. 


/ ' Yavteg (Urea ~ 
HARRY J. ie 


Commander, Medid4l Corps, 
U. S. Navy. 
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Verlag von Johann Ambrosius Barth in Leipzig 
Frem the Surgical Clinic, University of Kiel 
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When a fracture occurs the broken ends of the bone, and 
especially the area surrounding them suddenly engaces in a rapid 
develepment of a special tissue, namely cal'tus tissue, In the 
unusually extensive literature which has »b>»en covviled concerne 
ing callus, there is no unity concerning the important cuestion 
as to how this development is initiated, Jt is only ‘noun with 
certainty that when we find this situation has developed abnorne 
ally, as in the case of a pmudjoarthrosis, th-re is no other 
altornative than to create a fresh fracture (by the splitting 
method of KIRSCHNER, the sawing method of BRANDIS or the drilling 
method of BECK as example etc.). The growth of callus is ex- 
plained as a re-sult of irritation which might arise from sub- 
stances in the hematoma or in the damarcd tissues, from the mar- 
row or the hematoma itself or may be attributed to the acid re- 
action of the tissue which foklows inflammations, It is not 
possible by simulation of this irritation (by creating an acid- 
ity in the tissues, injection of hormones, hormon-like substanc- 
es or vitamins as from ones own bléod) to produce a display of 
callus grwoth such as is seen in fractures or following the 
above mentioned methods of stimulating the growth status of the 
bones, Likewise; a second important cuestion is not clarified, 
from which part the callus growth arises, if from the marrow, 
from the periosteum or from the surrounding connective tissue, 
This is the difference of opinion between BIER and LFXER, As 
BLOCK (1) in his excellent book "The normal and delayed healing 
of fractures", has point-d out, the proper significance was 
neither attributed to the marrow by BIER nor to the periosteum 
by LEXFR. Fach one of these men considered the factor they sup- 
ported as being exclusively important, It is with this re- 
lationship of the irritation to callus formation as with so 
many other events in the living organism; a number of causes and 
potentialities exist and exert their influence simultaneously, 


All other things being ecval, the further cevelopment of 
callus depends on the kind of treatment. The mechanical fact- 
or plays the most important part at the fracture sita, PaU«sELs 
could show this by calculations in the case of a fracture at 
the neck of the femur, The author arrived at similar results 
by a direct description and measurement of the effective forc-= 
es. The treatment of fractures by traction ap ears far less 
favorable in this connection than the treatment with Plaster 
of Paris. Least favorable appears the operative treatment of 
a new fracture, for in this case the damage to the periosteum 
by exposure, separation of tissves and bruises by wires, screws, 
etc., as wel as the less of the hematoma, are additional un- 
favorable factors, Of all procedures, however, the most favor- 
able circumstances are obtained in the case of marrow nailing, 
The nail protects cal?us from all the harmful pulling and 
pushing forces and the shearing effect and so permits only the 
influence of the favorable forces, Thvs we see, as exprrience 
has shown in more than 90 cases (1941) always an extraordinary 
strong development of callus, even thouzh dealing with relative- 
ly small fracture clefts, a circumstance usually accompanied by 
wery little calius formation. (It is in the very nature of 
marrow nailing that the repositions are exact to a millimeter), 
In addtion to this, the other parts of the mechanical unit, 
consisting of bones, muscles, and joints do not suffer any 
damage, for early motion after nailing is ouite vossible, as 
the nail in the marrow is itself capable of r-placing the 
mechanical stability lost by the fracture, Therefore, the dama- 
ge remains limited to the hone, Also the circulation of the 
damaged limbs and the rest of the entire human body is not cffected 


Within a short time re~ 
ports will be issued a- 
bout the extraordinary 
Successes of this pro- 
cedure at another place, 
All these reasons are 
often not sufficient 

to account for the forn- 
atien of such consider- 
able quantities of cal ’us 
as are commonly seen in 
this procedure, Further 
the observation of X-rays 
leads to the impression 
that there is also a 
strong irritation caused 
by the nail in the marrow, 
On occasion, in cases 

of fractures in the midél 
of the femur the callus 
formation can be seen 


to extend a: hich’ as the 
trochanter minor, Thus 
we have the frecuently 


occurring picture of the 
periosteal pilins-up 
(E30 3s 


Attempts of the 
author to bend sound ones 
by inserting springy mar~ 
row nails in the bones of 

Illustration 1 dogs have vroven that such 
a possibility exists as a 
result of irritation. Originally this work was undertaken to 
clarify the question of the possibility of straightening the 
crooked form of long bones, as they are found in the cases of the 
so-called "late rachitic" changes, by the use of apvrovriate 
nails, As is well known these changes cannot be corrected satis- 
factorily. It was hoped to obtain such alterations in the shape 
of the "crooked bones" in dozs, Strong spring blades were per- 
cutaneously inserted into the marrow cavity. This is a very 
Simple operation. The thigh or leg is held in the left hand 
and at the appropriate place, which must be well shaved and anti- 
septic, a hole is dril’ed in the direction of the marrow cavity 
with a souare awl held in the right hand, The direction is de- 
termined by palpation by virte of the fact that the marrow ca- 
vity is almost exactly in the middle of the left fist. Then the 
awl will be drilled deeply into the marrow cavity. On the fe- 
mur the end of the trochanter major is the plnce of puncture | 
and in the leg the area just above the tuberosity of the tibia, | 
This latter point is situated outside the capsule of the knee- | 
joint, Neither the knee joint nor the hip joint will be opened | 
during the operation. Now marrow nails in the shape of semicir- 
cular spring blades are introdueced, These springs are ‘nserted | 
in an extended condition, (Most often several springs were ine 
troduced over each other), The introduction was facilitated 
by the fact that the ends of the springs are rounded off and bent 
slightly in the direction opposite to the principal curve (111, 3) 
The skin is closed by a suture, Immediately after the operation 
the dogs were able to run again without any inconvenience, For 
skilled operators the operation reruires only some minutes, 


The length of the 
spring was, according 
the dogs in use, 100 t» 
120 millimetors, their 
width 3 to 5 millimeters 
and their thickness 1 
to 3 millimeters, By 
these differences in the 
strength of the springs, 
the constant bending 
pressure they exert can 
be unequally distribute? 
throughout the full ler 
of the long bones, “ach 
Single spring cevelops 
a bending power between 
1 and 5 kilograms. Ther 
fore, by the use of seve. 
al springs, up to 25 
kilograms bending power 
can be exerted in the 
marrow cavity of a 
medium sized dog, 
Thereby the marrow ca- 


vity was vrell filled up, 
By four oreliminary : 
trials, lasting ‘more 
than fifteen mronths, it 


was demonstrated that a 

complete filling up 

of the marrow cavity 

with wires or rods of 

Illustration 2b V2A-steel or of glass 

did not produce the 
slightest recognizable 

alterations in the X-ray, unless these wires or rods were so 

strongly driven into the marrow cavity that 

they created a constant pressure by an ex- 


tension of the normal elasticity of the mar- Ill, 2a could 

rew space (Ill, 2). not be repro- 

ducsd because 

Finally these results during the form- the negatives 

ation of callus could be caused by a special were no lonrer 
nail, the split end of which can be spread available, 


wide at its head by tightening a screw, This 
spreading is done by an enormous pressure, 
the degree of which, however. cannot be 
readily expressed in numbers, 


Further, these experimants demonstrate that considerable 
destruction of marrow does not have any demonstrable influence 
on the bone itself. On the other hand, thetremendous fouvmation 
of calius sometimes Seen, cannot be conSidered as an indication 
of severe damage to the bone, 


The result of these experiments with the sprinsy marrow 
nails used in the bones ef 6 dors were in 211 cases comparable 
and extremely surprising. By the formation of surrounding callus 
the bone strengthened itself and remained ahsolutely straicht 
in spite of the bending pressure, and the expected i riuie of 
the bones or bending of the shaft of the bone did not occur (Tis. a 


This reinforce- 
ment of the bone was 
so proneunced that 
the weight of the 
bone was doubled, 

As the mechanical 
stability of a tube 
under generally e- 
qual circumstances 
depends on its exterr 
nal diameter (distan- 
ce from the circun- 
ference to the mechan- 
ical axis) thie would 
mean a very consider- 
able improvement of 
the mechanical stab- 
ility. These effects 
are limited, however, 
as the newly formed 
bone is softer and 
the original compacta 
is partly absorbed. 
This new bone is so 
soft that it can be 
cut with a knife and 
therefore is espec- 
ially suitable for 
bone grafting (Spann- 
plastiken), parti- 
cularly as we have 

to deal with this ex- 
traordinarily active Iliustration 3 

growine tissue, I 

have thercfore calted it "Os activum", As animal experimcnts 
show, this os activum does not die off and it is not replaced 
by a new tissue at the place of transplantation but it con- 
tinues its active srowth, 


As can bo seen in the accompanying photographs of X-rays 
this callus has grown radially. Because of this the surface 
of the thickened bone “eels rough, In cases of a mild irri- 
tation one secs only a piling up of the periostoum with a clear 
intermediate space between th> corticalis and tho callus, In 
the cascs of a moderate irritation of the hone, there is an 
ecual thickening, which can be clearly recognized as arising 
from such accumulated callus Some weeks later the X-rays show 
a eradual disappearance of the margin between corticalis and 
ecal’us. Then the cortex begins to show a calcium deficiency 
which apvears as large uneven irregular lines of absorption or 


ae striations. 


Later both the marrow cavity and the margin of the ond of 
the corte# apvear cloudy. This cloudiness is not only cue to the 
periosteal eal'ius lying externally but it is aleo a osictn of 6 
strong cndosteal formation of callus, This is shown »y the 
formation of a layer, 1 millimeter thick, around the nail or 
wire in such a way that the endosteal cailus Cocs nowt completely 
grew to the nail, 


> 


The histological 
picture shows a marked 
formation of new bone 
(Til, 4), The margin 
between the external 
layer of the old "os 
compacta can be clear- 
ly recognized, ‘hile 
the old compacta in 
this case (demon- 
strated in Ill; 4) 
is 2,1 nillineteters 
thick, the thick+ 
ness of the new- 
ly formed bone 

aounts to 16 milli- 
meter, This new bone 
shows all sings of a 
rapid and stormy 
growth, In cons 
trast to the old 
bone, this new form- 
ed bone is of 
connective tissue 
nature, Jt shows 
an extremely order= 
ly growth of the 
bone with a be&a 
like structuré6, of 
the bone spicules 
Illustration 4 which are placed 
exactly radially, 
The periosteum is thickened and at places oxtend inwards as pegs, 
according to the radial arranvenats, The newly formed bone arises 
from the periosteum, This is clearly deaonstrated by the fact that 
the newest bone is situated at the external circumference and that 
the bone is older closer to the iniddle, Thereby the margin between 
the old cortex and the new tissue can be clearly recognized, No 
proliferation of the old bone can be observed, 


Within the newly formed calius there are two zones clearly 


. recognizable, This fact is clearly denonstrated in the pictures, 


In both zones a very active growth oceurs, In the external lay- 

er the marrow spaces are thightly packed together, They are 
associated with the vessels coming from the periosteum, The older 
inner zone shows wider marrow spaces, Hcre the bone begins to 

put itsclf in order according to the plan described.by Q@aVER, In 

the outer zones "Osteoneon" arise, Here the secondary reforming 

of the vessels takes place, The marrow spaces are filled with 

hew marrow and those in the outer arcas of the cavity are filled 

with high osteoblasts arranged like palisades, In the outer 

layer no signs of absorption can be noticed, lio evidenee of an 
osteoblastic bone resorption can be identificd but everywhere only 

@ very active new growth can be scen, Some of the wide 

marrow spaces show markedly dilated lacunar blood vesscls filled 
with blood, ‘The high osteoblast layers of the marrow cavity 

surround the newly formed bone substance which, however, does 

not yet, or at least not quite complctcly show the process of the 
growth of an "ostcon", The structure therein is quite rcgular 

and there are no irregular lincs of healing visible as in the 

cases of Paget*s disease, ctc, The entire narrow cavity discloses a dis- 
tinct radial frowth of this sort conditioned by the course of the vessels, 
In this respect this is different froa the histological picture of the 
callus secn in cases of fract- 
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ure, Some of the outer lamellas are considerably thickened, 

Some of the inner layers open and extend into the marrow spaces, 
The old bene marrow do-s not show any particular alterations, 
Neither here nor in any othe> part of the bone can necrosis, 
processes of degeneration or any other sirns of damage of the 
tissue be recognized, Only immediately next to the nail an 
infiltration of the tissue with iron occurs, A similar developm n 
starts from the inner periostcum thereby filling the marrow cae 
vity with small hone spicules, 


In one single case trated with a marrow nail slizht clari- 
fication of the cortex, sturting from the periosteal callus, 
could be recognized, For this ebservation I am obliged to "HR«» 
LICH (Hindenburg) who reported it as an additional finding along 
with an adecuate callus formation during one of his femur naile 
ines, 


In their transient appearance and the impression they vive, 
these findines are very much like the thickening of the ulna of 
the dog after the resection of the radius as we have sven in the 
exp-riments of Martin W, MU"SLLFR, as well as oth rs, There is 
no doubt, therefore, that in both cases we are dealing with the 
Same process, The same cause applies in both cases, =l1so0 in 
this lattcr case th2 bone is sudfenly subiected to far more 
strain than usual. Opposite to the place of resection the ‘one 
(ulna) thicknes tremendously, As the author covld ceronrtrat>- , 
the ulna and radius of the dog form a mechanical unit bring tird 
together by strong ligaments, The place of resect‘ on acts like 
® poten cut into this unit in the bottom of which the tinsas of 
stress gather to a point of greatest stress which leads to the 
above mentioned thickening of the ulna, fome weeks later the re- 
constreution zone begins inside this thickening. In connection 
with springy marrow nails no such accumulation of trnsion at a 
point occurs, as mentioned above, but the strees is ecually di- 
vided on acoount of a semicircular bending of the springs. As 
H, BADE (6) and the author were able to demonstrat-, this thicken- 
ing of the ulna can be compl>-tely prevented by an intesive X-ray 
treatment, itn this case no reconstruction zone is seen but a 
typical fatigue fracture \Daucrbruch - Frmucdungsbruch) occurs, 
The effect of the X-ray treatment seems to be due principally 
to the damage of the vessels, 


Tne histological pictures of such thickenings of the ulna 
caused by an overstrain are in a really amazing way similar to 
the changes causcd by the springy blades in the marrow cavity, 
Fxact histological pictures ean be derived from GRYIFENSTEIN and 
RIX(3), In addition the regular structure in the cross section 
is astonishing, The specific osteogenic lay*rs of the periosteum 
begin to grow exuberantly, The resting periosteum, which is 
poor in cells, forms by a rapid mitotic division a »road area of 
germinal contors or an internal layer of germinal cells ovt of 
osteoblasts. These produce an ost-ous like substance without 
calcium into which the osteoblasts are taken up so that they are 
devositing small particles of bone by the time colcification 
begins. The bone from the periost-um promptly unites with the 
old cortex in a radial direction. It embraces th> blood vessels 
of the periosteum which by this process are shift-d into the nev- 
ly fermed marrow spaces. The newly formed marrow cavity is lined 
with a single layer of evithelial-like cuhoicsl osteodlasts, 
However, the formation of endosteal callus is considerable and 
corresponds exactly to the observations in our exncriments, 
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With regard to the X-ray findings there is also a complete 
accord, The development of endosteal callus should as well be 
observed, The beginning cloudiness of the outer margins of the 
cortex and the apnvearance of spotted and striped clarifications 
gives exactly similar pictures. (Ill. 6) 


The formation of callus occuring at some distance from the 
fracture sits during marrow nailing are exactly like these seen 
in the above mentioned experimen rsa. In some cases of a piling 
up of callus we have to deal with a clearly marked area, 1 to 
2 millimeter broad and free of calcium, between the accumulated 
callus and the cortex, Most often, however, thick masses of 
callus have piled up immediately next to the bone. This fact 
cannot be compared with the formations of callus occuring in 
the marrow space, especially thos- at the end of the nail, 
According to the above mentioned experiments there is obviously 
no doubt that the periosteal accumulations at some distance 
from the fracture site arise because of the mechanical irritation 
of the nail, The marrow nail is V-shaved in cross section and 
the free’ edess are compressed bv driving it into the marrow 
cavity. The constant pressure of these free ecres of the V- 
shaped nail brings about the mechanical irritation, 


The above mentioned spring blades were 
manufactured of forged V2A-steel as well as 
of chrome plated steel, V2A-steel had only 


a slight spring power. As numerous preli- lade 5 Coun 

minary experiments have demonstrated, this not be repro- 

material did not develop any recognizable duced because 

chemical effect in the marrow cavity so the negatives 

such an effect may be disregarced, The were no longer 
chrome plated steel springs hac a greater available, 


spring pewer, By driving them in, how- 

ever, the danger of some damage to the 

chrome plating existed so that strong 

chemical effects might arise, In fact it 

has been preven to be true that these 

chemical effects also cause the same irritations, A thin wire of 
iron or a piece of nickel plated bone saw are sufficient to cause 
this callus irritation in the above mentioned order (111, 5). 


It is astonishing in this case to observe that at those 
places where the wires come next to the cortex the greatest accu» 
mulation of callus will be found, This can be most clearly de- 
monstrated by the use of zig-zag shaped wires, In this case 
a chemical effect exists which is in relation to the position of 
the metal in the electromotor series (the more rare the metal, 
the weaker the effect) and which is strongest when two ciffer- 
ent serts of metal are in use, as for instance nickel and iron, 
More rare metals like chreme or copper do not show these effects, 
The latter one even brings about areas of resorption »5 tho place 
where it enters into contact with the spongiosa and the head of 
the tibia, Probably this is dependent on the toxicity of the 
cepper ions, This appearance is »robably caused by the presence 
of metal ions and not by the shift of a concentration of hycro- 
gen ions, This can be very nicely demonstrated hy brining such 
foreign bodies into the marrow cavity at equal distance from the 
endosteum -nd observing that mere metal salt is delivered to one 
side. This is shown whan a saw is driven in, for much ore callus 
can be seen on the side of the bone next to the toothed edge 
of the saw (Ill, 6). 


I do not regard 
any further discussion 
necessary concerning the 
cuestion as to whether or 
not the above mentioned 
changes should be con-« 
Sidered under the head- 
ing of the origin of 
callus, Judged by the 
time reouired for thego 
changes, the X-rays 
and the histological 
pictures, I think there 
is no doubt that we 
are dealing with the 
same changes which we 
have seen arising follow- 
ing a bone fracture, 
W,. LUNLLER also mention- 
ed the above mentioned 
thickenings of the wulr 


as callus without fract- 
ure, 

Finally we ‘snow 
about the formation of 
calius arising from sub- 


periosteal hematomas, 
especially on a child's 
skull and on the tibia, 
This callus is exactly 
Tilustration 6 limited to the extent of 
the hematoma, No dist- 
ant effect can be s-en in this case, 


Some cases of periosteal accumulations and similar changes 
arise subsequent to certain processes in the marYfow cavity such 
as in the case of a tumor, This should be understood as having 
been caused hy similar chemical or mechanical irritations as 
those preducing the changes cited in the above mentioned exper- 
imentse “ith the springy narrow nail, or stil’? simpler with 
the irritation wire, we possess in each case a means which en- 
ables us to produce tremendous masses of callus such as can be 
accomplished with no other means, By this irritation the bone 
is in a certain measure awakened from its resting condition and 
is stimulated to an irmense exuberance of cell growth, 

This procedure ap-»ears very simple and safs: and there is no need 
to expose the bone to a great extent but there is only a metal 
rod Baas Seneousty Griven into the marrow cavity, similar to the 
marrow nailing, ‘this method appears quite safe, 2s in none of 
the exneriments did the callus fail to form, The above mentioned 
method seems to be especially suitable for Sases of a delayed 
healing of fractures and for the treatment of pseudartrosis, 


In addition a remarkable insight into the events of the 
process of callus formation is gained, The bodies causing the 
irritation are lying in the marrow and therefore the one seems 
to be encouraged to form callus. This would seem to agree with 
the opinion of BIER who regards the principal influence to be 
due te the marrow, Thereby the marrow would be expected to ory hoot 
an influence on the callus, similar to the "organizor" of SPE 
On the other hand, the clearly recognizable fact is striking 
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that the nearer the irritation wire is to the endosteum or the 
cortex the stronger is the formation of callus, This can be 
easily explained, If one takes it for granted that the irri-g 
tation of a round wire effects all sides equally, the irritation 
must reduce in the cross section proportional to the square of 
the distance, This can be proven rather exactly by numerous 
X-rays. We are therefore dealing with one of those cases where 
the biological process may be expressed in numbers, This means 
that in such a method of callus formation there is something 
completely regular which can always be repeated in the same way, 
With this mathematical proof that the irritation extends from the 
wire eoually to all sides, there is, on the other hand, nothing 
said about the kind of irritation and its mode of operation, 
Concerning the above, there are five possibilities: 


de Electrical lines of force can have the same distri- 
bution, 
zi 4 hormone prodveed by the marrow cavity could ina 


similar way diffuse equally into -the arra, although this 
does not appear a very likely explanation, In this case, 
MARTIN's declaration, in which the thickening of the 

ulna towards the place of resection is charnct-rized ag 
sympathetic and is explained by the influence of the 
overflowing hormone, would be proven to be true, 


LP An irritation of the ce@hls oxtendins from the marrow 
cavity could have the same distribution, In she nerve- 
less bone substance these bone cells with their extensions 
would act as the irritation conduit which, accorcing to 
PET3RSEN, are the only irritation conduit system of the 
bone, 


. A chemical irritation arising from the wire, like a 
metal salt for example, could diffuse to all sides from 
the wire and stimulate,the periosteum to form callus, 


54 The bene substance is irritated either by the pres- 
sure of the spring, lying in the marrow cavity,or by the 
chemical effect of metal salts and it eithor begins to 

form callus or stimulates the periosteum to form callus, 


The first possibility can be ost casily excluded by giving the2 
electric lines of force a special direction, The most simple way 
to obtain this is to bend th- wire at the place where it extends 
out of the bone and to stick the bent end downwards through the 
tissue so that it lies close to the bone from outsice, In none 
of the expcriments could such an influence of the bent wire be 
proven, The fact that there is really a hormone formed in the 
marrow cavity appears extraordinarily unlikely to me. As long 
as 18 months ago, during the first marrow nailings, I observed 
that "little hats" of bone substanee were formed on ton of 
the heads of the nails rising out of the bone, The only cox- 
planation for this formation of the "little hats" is that there 
are some drops of fat running out of the marrow along'the channel 
of the nail and this stimulates the bone formation when it comes 
in contact with connective tissue. In the histolorvic2l picture 
these "little hats" show bone tissue containing thick connective 
tissue components, (111, 7). Also cartilaczinous pre-formed bone 
is forming in this case, By expsoriments with injections the 
cell-like varts of the marrow can be excluded, All this indicates 
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that a fat soluble 
hormone plays a part 
in this process, 
This will be dise- 
cussed later, 


The marrow 
fat is also cap- 
able of stimulating 
the periosteum to 
form callus, These 
verious kinds of 
callus can be de- 
monstrated in ex- 
periments without 
a fracture. The 
fact that the marrow 
is of importance 
during the healing 
of a fracture, of 
a bone seems cer- 
tain to me, On the 
other hand the mar- 
row is of no import- 
ance in the experie 
ments we are dealing 
with. The masses of 
callus also arise in 
the same form and 
with the same rapi- 
dity by the irri- 
tatio® effect of 
wires, ete., if one Illustration 7 
completely currettes 
out the marrow and the periosteum, an operation casily possible 
from the top of the trochanter, 


ot 


In any event we know, because of WALT™RSHOFFR's and SCHRAMIU s 
experiments (FF, concerning the demarrowing of the human bone 
in pernicious anemia, that the marrow regenerates with extra- 
ordinary rapidity. 4 fortnight later, however, by which time 
certainly not much marrow can have regenerated, an extraordinary 
amount of callus can be s-rn in the X-ray. The destruction of 
the marrow alone, a process duYing which a large cuantityr of 
hormone sho ld be freed, does not in the least cause this appear- 
ance. finally two dogs were used for these experiments, Their 


marrow cavities were completly filled with drillins wires of 
V2A-steel or glass rods, “heir bones did not show any chanres 

for one year, Finally, the non-irritating V2A-st7el anc the class 
rods were replaced by zinc plated wire of iron, Immediately 


a tremendous formation of callus began, The fact that marxoyv 

is not necessary to cause this peculiar process can finall- be 
proven in a very simple way: If the marrow cavity is - as a5ove 
mentioned - filited with as many wires of V2A-steel as can be 

put into it, no callus will be formed for neither 2 chemical nor 

a mechanical irritation arises. On the other hand, if a thicker 
rod of V2A matcrial is driven into the middle of the Dundle of 
wires adeauate callus will form, for in this case the marrow Ca- 
vity is kept under a constant pressure on accout of the elastici- 


ty of the bone tube, 
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The possibility that the periosteum is irritated chemically 
or by a wire lying in the mar:ow cavity is conceivable, On 
the other hand, we know on account of our daily experiences that 
metal splinters situated outside the bone at a moderate distance 
from the periosteum are not capable of stimulating it to increased 
callus formation, Cettainly callus can be produced by the in- 
troduction of metal betwecn bone and veriosteum, especially by 
using magnesium, 2s NOGORA was able to demonstrate recently, These 
callus formations, how-ver, do not in the least approximate the 
above mentioned reaction, Furthermore, it can wll be taken for 
granted that the mechanical irritation reaches ths periosteum vi 
through the bone, The stretching of the periosteum thereby ob- 
tained is exceedingly small, On the other hand the existance of 
the periosteum is absolutely necessary for the realiZation of th s 
process, Jn a series of experiments on younger and older dogs, 
the periosteum of their bones was stripved off or secraved off for 
an area of 2 to 3 centimeters, In this area the process mentioncl 
before failed to occur in all cases, The fact thit the nourisn- 
ment of the affected area of the bone woul’ suffer so much by 
this removal of periosteum that the failurs? of the a»rove-montion: 
process could be explained on this basis do-s not s-em very like- 
ly to me as the interruption of the nourishment ssems to be 
too small, Furthermore the above mentioned histological vict- 
ures clearly stress the fact thet this nev bone is only formed 
by the periosteum, After all this, there is only one explanation 
possible, namely the one according to point 5 that the bone sub- 
stance itself is mechanically or chemically irritated and that 
the bone substance then stimulates the periost m to form these 
tremendous masses of callus. In this case the auestion is still 
not clarified as to whether we cre dealing with a direct irri- 
tation of the cells, an influence on the vessejJa of the perio- 
steum or if a special pouring out of "callus hormone" takes place, 
According to the above rentioned experiments with X-ray treat- 
ment an influence on the vessel scems to be very likely, 


The formation of callus in the ulna of a dog, which is in 
every respect the same process, is also caused by a direct me- 
chanical irritation of the bone substance on account of an increas- 
ed mechanical strain in the area next to the place of resection, 
This callus formation as well as the thickening arising during 
the experiments with marrow springs should be regarded as a 
functional hypertrophy. The ahove mentioned experiments permit 
an interesting insight into the mechanism of this process, 


In my opinion the knowledge gained can undoubtedly be appolicd 
to the events arising during the heclinz of a bone fracture, Attor 
all, in this case as well, the irritation of th~ ‘ore substance 
igs the most essentis? thing. The irritation at the time of the 
trauma scems to be sufficient. On account of the intcresting 
examinations of HAASE (4) we know that in the area surrounding 
the fracture there are zones of the most pronounced mechanicx1l 
injury, the so-called "confusion zones", The irritated bone sub- 
stance later stimulates the veriost-um as well as the encosteum 
to form callus, Similar marked irritation of th> bone substance 
can be obtained by the drilling method of BrCK, the sawing m-thod 
¢f BRAND or the splitting method of KIRSCHNTR, ‘Jithout this irri- 
tation the periostum is not capable of preducing sufficient cuan- 
tities of poriosteum. This agrobe with the oxperinents of the' 
transplantation of periosteun, Transplanted periosteum of older 
animals does not form any bone, The part played by the marrow 


cr 


- 12 - 


is also clearly defined, The marrow substance stimulates the 
periosteum or the connective tissue to from bene wherever it 
enters into contact with them, The marrow cavity is thereby 
constantly separated from its eurroundings, 


The furth-r destiny of the callus is det-rmined by the me- 
chanical circumstances at the place of fractur-. Bone is8 a 
structure exvosed to constant pressure, In such a structure 
there are always drawing froces oppesed to the pressinz forces, 
The position and covrse of the cleft of a pseudarthrosis is de- 
termined by extremely strong drawing forces or pushing forces 
plus shearing effects, 


The expcoriments described seem to me to be especially 
suitable to clarify the differences of opinion between BIPR and 
LEXER concerning the formation of callus. These experiments azrce 
with the opinions of numerous other authors who regard the bone 
subatdnce itself as being far more importent in the case of a 
fracture, Thes experiments agree with the findings of 0, }..I"R 
who has observed an increased callus formation in cases of froact- 
ures where a pin of magnesium was driven into th- fracture cloft, 


The experiments are of precticral importincs in *hat they 
represent a justification of the proceduro of marrow nailing, 
The marrow nailing therefore seams to be csp-cially suit.ble in 
cases of badly healing bone fractur-s and of pscudarthrosces, 
Callus whic can be produced in excessively large ouantitics secms 
to be the desirable material for bone plastic work, 


Finally a warning must be given not to cause any damage 
to the periosteum in cases of a ‘one fricture. Especially the 
separation of the periost-um fror the bone should be avoided if 
at all possible, 
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The long tube bones of dogs wore exposed 
to a strong pressure by springs of V2A-steel 
precutanecously driven into the marrow cavity. 
Thereby cnormeus thickenings of the bone 
are caused which are of connective tissue na- 
ture and whick, even in details, exactly cor- 
resvonds to the functional hypertrophy aris- 
ing in the ulna after a resection of the radius, 
The same changes ean alse be caused by the 
chemical irritation of thin wires driven into 
the marrow cavity. We have to deal with on- 
ormous masses of callus which are, as de- 
monstrated formed by the periosteum only, In 
this case, however, the callus is formed in 
sort of an indirect process by an irritation 
of the bone substance, The marrow is capable 
of stimulating the »veriostcoum and the connect- 
ive tissvne with which it enters into contact 
to form new bone, The above mentioned eXpceri- 
ments give remarkable insight into the proces 
dure of the: functional reconstuction of bones 
and the formation of callus in cases of a fract- 
ure of the bone, They also seem to be of 
practical importance for the treatment of 
bone fractures and pseudarthroses as well as 
for bone pl-stic work, 


. 
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THE IMPORTANCE OF STIMULATING THE MARROW-~CAVITY 


TO THE HFALING OF NAILED FRACTURES 


by 
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With 31 Illustrations* 
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When KUENTSCHER @escribed his method of marrow nail- 
ing at the German Surgical Congress in 1940 objections were 
made to the introduction of so lInarge a foreign body into 
the marrow cavity (NORDMANN, KOENIG), In particular it 
was believed that the growth of callus might be disturbed, 


KUENTSCHFR in refuting this criticism stated that 
in addition to other factors favorable to the growth of 
callus the very presence of the nail had a stimulating 
effect. He based this statement on the results of his 
own experiments, 


By introducing stimulating bodies into the marrow 
cavity KUENTSCHIR succeeded in causing "callus without 
fracturc", A nickel plated iron saw and a zine plated iron 
wire introduced into the marrow cavity of a sound bone 
caused an enormous thickening of the long bone, This 
increase of thickness was dve to the formation of peri- 
osteal callus tissue. <A similar though not ccually ex- 
tensive periosteal reaction occurred when “UEPNTLCHYR 
tried to bend the bone by means of a strong leaf spring, 
No bending, but the aforementioned thickening of the bone 
resulted. Also the power of pressure exerted by a strong 
spreading nail or by several metal bars of V2A steel 
forcibly driven into the cavity, caused periosteal form- 
ation of callus. KUFNTSCHFR coneluded that the very bone 
substancé is stimulated chemically or mechanically and 
that it is this bone substance which causes the perio- 
steum to form this enormous amount of callus, Whether 
there be a direct cellular stimulation, an influence 

on the periosteal bleoi vessels or the secretion of a 
Speciil callus hormone - this question remained unadis~ 
wered, The extent of the reaction is directly dependent 
on the cxtent of the. stimulation, KUFNTSCHER said that 
with the stimulating wire w are given the possibility 
of cresting enormous masses of callus. ‘The bone i6 
wakened out of its rest by this stimulation", He éalls 
the young bone tissue the "os activum", 


In accordance with these exp riment2] result 
KURNTSCH®R found in some nailed fractures periosteal 
calius formation throughout the whole length of the nail 
so that the nail was regarded as a stimulating body, either 
mechanically or chemically, 


This description cannot tut induce the tampting idea 
to inereise the growth of callus y stimulating the marrow 
cavity thus achieving a more rapid bony wnioa of the fract- 
ure, 


I must admit that I myself for 4 lon; time nursued tnie 
idea and have tried to find out by nurerovs ex >criments 
the "most euitable" stimulants of the marrow cxutity to be 
used in addition to the nail, But the results of these 
experiments turned out cuite different from wh-t I ex- 
pected and made it absolutely necessary to clarify the. 
fol'owing questions: 


1, What are the conditions effecting the growth 
ef callus after stimulatins the marrow cavi- 


ty? .Is damage inflicted thereby upon the 


bone? 
\ 
26 Does the development of this enllus, forned 
by the veriosteum, deppnd on the r.°e of the 


individual? 


3+ Are the chanres in the bone cavsed by the 
irritation of the marrow cavity cozpletsly 
reversible? What is the final result of such 
a orocess? h 


lS ais Finally, iat seems advisable to try to investi- 
eate by comparable experiments whether the 
periosteal growth of callus caused by: an 
adcitional stimulstion of the marrow will 

also mean a more rapid bony union of the fracte 
ure) 


S after mtimulating the marrow cavity, 

= Studying the literature with regard to this subject, 
I noticed that the cuestion of the reaction of bone to a 
stimulation of the marrow cavity, which has recently re- 
gained considerable importance by marrow nailing, has 
been of intense interest in former times, 


; In 1775 TROJA intended to »roduce necrosis of the 

: bone by introducing a red-hot wire into the medullary 

; Gayvity of a dog's bone. : He. did -not succeed,:. He. only 

is observed an increasing thickening of the whole bone during 
4 the following weeks, ; 


Later on BICHAT got the same result, 


The nature of: this thickening of the bone we learn 
from F, BUSCH who continued these exveriments 2 hundred 
years later. Recognizing that the damage inflicted uvon 
the marrow by the introduction of the red-hot wire is 
not sufficient, he heated a platinum or iron-wire by a 
galvanic current and pulled it throrgh the medullary ca- 
vity which he had drilled open at both ends, Depending 
on the duration of the heat aprlied he could distinguish 
4 different degrees of reaction of the hone: 


“ 


— 
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no necrosis, only marked inflammations (osteitis) hs 
death of the central layer (necrosis centralis) a 
penetrating necrosis, eventually total necrosis 

death of the whole bone and eventually of the 

soft >»arts as well, : 


He found the first degree 3 times among 26 dogs, He va 
killed the animals on the 53rd, 67th and on the 73rd.day, me 


The ‘pure osteitis’without necrosis" described by 
him corresponds to our "formation,of callus without fract- 
mare tg 


In 1878 BUSCH irritated, or rather damaged the marrow ‘a 
1 another way,. Again he epened the medullary cavity by | i 
ee ) er 


drilling it at both ends, He first nbeleupea the marrow 
with a thick iron wire and then he pulled a cottoh wick 
through the cavity. He soaked this cotton wiék with aift- 
erent fluids, Proceeding in this manner he avoided forts 
ing the active substance into the blood-stream and into 
the circulation, His experiments with a mixture of turpen 
tine and oleum sinapis are described most vrecisely. The © 
reaction of the bone differed according to the cunrntity o 
the active substance applied which was varied by the leng 
of the wick and by the speed with which it was pulied 
through the cavity. Again he describes the tyviea LL piety 
or “callus without fracture", After 30-days the tibiae 
showed an extensive thickening by considerable formats 
of periosteal callus, 


1877 BUSCH announced the remarkable fact that in 
controlled experiments with indifferent foreign bodies, | 
for instance platinum wire, no reaction of the bone was to 

be observed, a very important resvlt with regard to our oo 
present point of view on these exveriments, (Illustration — 
#1 demonstrating the "oure osteitis" of BUSCH (1877) ae 
from an illustration of the original article, could not ~ 
be reproduced with the available facilities.) 


1878 BUSCH produced the necrosis of bone by placing ~ 

an. tne medullary cavity a bar of laminaria which would) 
well, But not in all esses did he succeed in causing — 
necrosis, In 7 cases he obtained necrosis, in 3 putres aes 
fraction and in 3 cases "pure osteitis", the latter showe |) 
ing azg2in the picture of a_ extensive formation of perio-. 
steal callus, The swollen lnaminaria bar lay firmly presse 
into the medullary cavity and the bone was completely en- 
cireled by a thick layer of newly formed callus, 


1879 KOCH caused necrosis of bone by injecting mer=— 
mury into the arteria nutritia of the tibia of a dos... Hes 
explained the necrosis 2s having been caused by emboli, 
When using only very smoll ouantities of mercury he did 
eaot Observe necrosis but a marked "periostitis" whieh * : 
he also believed to have been caused by cmbolic Cisturb- © 
ances of nutrition. In the macerated preparation pre- 
pared when the dogs were killed some wecks later, he 
found very small balls of mercury still presont in the 
Marrow and in the corticalis, While from the rcport of. 
this work we cannot conclude that we have once again the ~ 
phenomenon of extensive growth of vneriosteal callus we are 
able to see this with certainty from the following ex- ; 
periments, 


Foil 


ies In the same year BUSCH made further exveriments with 
_ the Same technicue. His results were as fol’ows: 


wae 


¢ of a ™Pravaz-syringe" of Liou, ferri 


Ss 
causes putrefraction of the leg of a sturdy d 
‘was dyed tlack by the iron salt. 


$ of a "Pravaz- -syringe" of undiluted carbolic acid 
produced a old ae tubular secuestrum but no callus, 


ie ies syringe" of putrid-fluid (pieces of nucele a 
Lod: serum) caused estes formation of periosteal 


callus near the foramen nutritium, The inflammatory sicns 
were slight in the first days and soon subsided, ; 


& "Pravaz-syringe" of mcreury causcd putrefraction 
of the whole leg, with total necrosis of the bone, 


G 1-2 grams of m-reuty caused a spindle-shaped thicken= 
og ing of the tibia which slowly increased in the course of 
a: 3 months, Again the author described tho "pure osteitis" 
af the typical picture of development of "callus without 
fracture", Again the young bohe wes clearly demarcated 
from the old corticalis, In this ex»eriment the same Pee 
formation of calltis was fouhd by the vuthor in the -ma rrow 


i dae 
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ss cavity for the full length of the bone. The marrow ea wity 
= was filled almost completely by caltus, In BUSCLNs opinion 
i the explanation of th s phenomenon by mechanical reasons — 

as given by KOCH neither seems sufficicnt nor satisficte— 
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ory. He believed in a chemical influence of the MOPCULY» — 


For completeness it must be mentioned that at sovor-_ 
al places in the literature I have found r-vortcd that ~ 
DIEFFFNBACH during experimental studies had put foreign 
bodies into the bone, iron as well as others, and that 
he had observed an inf’lanaation and thickening of the a 
a pone by growth of callus’, To my regret I have not’ aoe 
| sueceeded in locating these publications of DIFFFENBACH, 

» The literary references given by the othcr authors are 
not. ccrrect, 


a. fhe results of these interesting -xpcriments and 

, particulariy the explanation given by the above authors — 
Gan be understood only if we consider that they wore made 
me) before the “aseptic area", ¥ 


Genorally they had been aimed at the exploration of 
the disease today known as "Sup surating osteomyelitis", ~~ 
In ignorance of the causative part of the pyogconic microbes) 
the authors believed that only the degree of the irritation 
was responsible fcr causing "necrosis of bone with forme= — 
ation of.scoucstra" in one part of the casss while in the: 
“other vart "simple ostcitis" with thickening of the bone 
was to be observed. Today we know that ve have to se- 
parate the "pyogenically infected necrosis of one" 3 
_frecuently accompenied by the formation of secucstra, from 
the “simple or aseptic necrosis of bone", The exveriments 
"of BUSCH are to be regarded as a classical example of the 
“aseptic necrosis of the :one" with its impressive stimu- 
lating effect on the surrounding bonc-forminge soft parts, 
ee ATSEN and BERGMANN), 
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Renew es the, marrow. aevi ta Prin fun bane fccue 
ly_an abundant formation of periosteal callus. 
‘Stimulating substances_arc etheral oils, heat. 2 

acting on the interior of the léng bone 


, 


Now the oucstion arises wheth r or not the "eallus 
without fracture" (KUENTSCHER) is ecuc to 2 ncerosis of 
the bone. I Rave concluded that it is asa result of 
the following cxperiments, 


Tilustration 2 shows the trainSvorse scction through 
the tibia of a guinea-pig 6 weeks aftcr the introduction 
of a cotton wick soaked with gold chloride, The old cor- 
ticalis is surrounded by a laycr of pcriostcal callus which 
in some areas is far thicker than the old cylindcr of bono, 


In some 2reas the old corticalis is croded away by 
the inward growth of the newly formed bone arising froh 
the periosteal callus. . Lacunae have anneared in a broad 
line in the out r layer of the old bone, while ho changes 
at all appear in its centrallaycrs. (Illustration #2 covld 
not be reproduced with the available facilitics, ) 


Illustration 3 snows this process well advanced, 
This is the tibin of a guinoa-pig into which some drovs of 
mercury were installed 5 weeks previouslyj Only one 
Seemont of the old corticalis is left, -1its contour ié6 
bizarre and indcnted, Fverywhcre sharply outlined lacunae: 
are to be observed whcre the cestructive young osseous 
tissue is intruding into the old bone, The structure of 
the old bone has not chanred, (Illustrstion #3 could not 


5 


be reproduced with the availa’ le facilities,) 


LlLiustration 4 shows ap itroximn*t+ly ‘ths same stare 
oe Oenueenoeram, “neircling. an irritating -iron bor 
the oid corticalis is situzted as 2 thin secuestrum 
Surrounded by a thick cover of caljus which apoiccrs like 


See Re of Anvo Lucrun; 


Illustration & 


Central seauestrum in the 
N'involucrum! 


Illustration 5 gives an insight into this process 
shortly before its conclusion, It shows the transverse 
section through the tibia of a guinea-pig 8 weeks after 
a V2A-bar covered by a thin layer of a lunar caustic was 
gnserted: into the marrow cavity, At the intcrnal margin 
of the new bone cylinder, which is built with m2rvclous 
Pedial regularity, remnants.of the old corticalis. ore 
still to be recognized as sharp lines, (tllustr-tion i/§ 
could not be reproduced with the available frecilitics,) 


« 


Also in the roentgenogr2m Si 6) small remnants 
of the old bone containing preater amounts of bone salts, 
are still clearly visible as narrow longitudinal lines in 
the interior of the new bone, 


Illustration 6 


The old corticsiis is removed except 
for signi rests 


The cases mentions< show quite clearly thot total : 
necrosis of the corticoiis resuited from the irritstion a 
of _the marrow cavity. Puc ascroscd bone is destroyed 
and removea by the new osseous £is8s sue formed by the 
periosteur, 


But not always is the vrocess so impressive and-I ; 
unaersstand auite well wny BUSCH spoke of an "osteitis", ; 
Pilvstrotion 7 shows the tibia of a guinea-pig, 20 weeks 
aiter the introduction of a zine coated iron bar, We 
Find the tynicrl picture of the lacunary resorption of 
the bone in the-2.1d corticalis increasing in the direction 
from cortex to center, The periosteal callus envelopment 
is evidently sabes corresponding to the longer duration 
of the experiment. Tnsre is only a small number. of con- | 
nections between the young and the old bone by Haversian x 
Canals,(Illustraticn #7 could not be reproduced with the Bs 
aveilabie Pact lities,) 


The latter have developed in a considerably greater 
number in the right tibia of the guinea-pig (Illustrated 
in Illustration #8 which could not be reproduced with the 
facilities available) in which also a zine bar had been 
inserted 20 weeks vrevicusly. Her’ too the periosteal 
callus tissue shows distinctly the structure of the final 
bone, ats majority of the numerous spaces of resorption 


and so-called osteo-genetic centers run from cortex to ae 
center in 1 radial direction. Besices, the structure of ; 
coe corticalis has not changed it shows no 'sicns ef Ceate 3 
of the tissue, Yet we ‘snow quite well how long dead one ; 


may preserve its structure and its canability to absorb 
colors (staining charactcristies)., VYoreover we e¢2n con- 
clude from these pictures that an inner reformation, an 
inner "substitution", became necessary. The cuestion 
whether there is a necrosis or an aseptic inflammation 
taking place remains unanswered, At any rate the essen’ + 
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appears to_be_a destruction of the corticalis (necrosis 
or_inflammation). In order to support this damaged cor- 
ticalis_ the bone reacts by the formation of  xcriosteal 
callus. How will the latter take place and what will 
be its causative factors? 


From the roentgeno’ram Illustration 9, we can learn 
these factors cuite easily. It shows the femur of a 23 
year old dog in which a thick rusty iron wire had been 
inserted 8 wecks previously. The wire extended to some-= 
what below the middle of the bone, At the back side in 
the middle of the shaft we saw a complete distruction 
of the corticalis (Illustration 10), Encircling this 
center of destruction a thick cover of periosteal callus 
had formed in such a way that the destroyed part of the 
corticalis is situated nearly in the middle part of 
the callus. This supporting cover cxtends far beyond 
the irritating foreign body, the point of which is lying 
in its center, at the aren of the most thprough destruction 
of the corticalis which acts as a notch in the bone cylinder, 
The form of the covering c1il.us is adapted to its functions,™ 


At the front side of the Done, which is at the same time 


the convex one, whore the tension and powcr of traction 
Bet tinhe eallus is thin cov-rinzg the corticalis like the 
skin of an onion, At tas :-snerve side where the stress 

Of Bompression is ashing 35 is, broad. and piled up servings 
as a console (supporting structure). We lexrn from this 
picture that the location, extent and shine of the 
Borloctent callus is not directly denvendent on the che- 
nisat. etinitetion but rathor depends on the location and 


encunt of d6cateugtioa of the 2orticalis which nas_to_ be 
supnperted, «illilustration #10 could not be reprotneced with 
tho “sei %eties available.) ; 


Illustration 9 


Femur of a 2% year 
cid dog, 8 weeks 
after introduction 

of an iron wire, Exe- 
tensive center of 
destruction in the 
eorticalis, 
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Such a support being unnecessary ve shrill miss tho 
periosteal callus reaction asc shown in Illustration ll and 
ia, in the first we have the tibia of a two yerr ‘old 
dog which was subjected to the applicrxtirn of heat in the 
marrow cavity. We must take for grant d that. during Bes 
this heating an unavoidable minimal amount of necrosis eS : 
Gf tne central corticalis occurred, This is provon Pe 
by the transformation taking place in this layer at least ass 
on the one side accompanied by endosteal formation of callus, © 
In the periosteum we find no sign of the least reaction, 

If the "formation of callus ae Ca fracture" actually 

is caused by a "necro-hormone" (BIER) as well, it would 
certzinly have caused =. periosteal reaction here, But 

Since the statics of the bone cylincer..have not been 
impaired thcre was no ro2son for 2 periostoal reaction, 

The same can be said regarcing the roontgenogram Illustrat- 
Son 22, In the ncsighborboot of an irritating iron ‘cre 

of considerable length which was installed beside a nail 

of V2A stcel in the tiota of a dog we found, 16 wecks 


eauer, ao distinctly visibie-arca of inereseod permeability (ae 
be Aerauys, Hers the contrai Layers of the corticalis, “a 
are destroyed and r moved and y3t there is not the least Be 
periosteal reaction, (Iutustration 11: @ouid not: be repro- 

duced because the negative ".5 not avabiable, ) ; 


lliilustration 22 


Central area of destruct- 
ion by iron kernel, 16 
weeks after insortion, 
No. formation of »veriosteas 
callus, 


Remembering the fact that 2. stress of the bone 
tending to bend it (caused for instrnce by lexf springs) 
- or an increased internal pressure (cavse for instrnee by 
_ laminaria or spreading- iat a will lexd to the formation 


ee ee ae re a rt a oe we oe ee 


Geto bo founc jn oa cheonse of the corticolis, namoige oe 


ee et ee we fee — ae am ome 


that_the essantial feature of "eollus_without fracture 


Go 


ats physical circumstance, these ehenges se 


4 about either mechanically (ov spring, lanrinsris, novils 
or _ by a recrosis or int-.ammation of the bone caused by_ 
| thermal or chomical inf uence. 

a Now we shall find no dif*iculty in giving an exes 

‘ Baonation for the d=velopment of a peraiost-al cover 


"reaching far beyond the area of the fracture" fre- 
quently observed clinicsily cnd described py GRITSS& 
MANNY and REICH in its microscopic appearance, Since 

VeA nails have been used rhich in the absence of a fract- 
ure never wilt cause the formatioa of ealilus, there can 


a only exist mechanical reasons for it. Let us compare 
a eae eot.ee fracture of. a. marrtw bone with two tubcea: ez 
4 S similar diametec: which hive been united by a bolt driven 


4 into them, This bolt will voevont the unity of both the 
a mubes and the bolt insice. ftom heing angulated, Doing 60 

4 the bolt has to cxert 2 internal psesaure on the inside of thc ond) 
- Of the tubes and “his wressexs 


s8:) wiit Soecome the more ine 
is tense the nearer ve gst to the voint where the ends of both 
any . 5 ! oe wn ° 
of mubed are united (Fiiuetrati «. 15), In response to: this 


Btress the livine tony *».o wust produce an encireling 
Gallus lest the corti22.17> skenla be destroyed by the 


i pressure,. The cress s>3.°*on of these prot: ctive massea@ er 
ne 

is 

is 

a. 

_ ‘ 

a 

i” | 

i 


Tilustration 13 


The arrows indicate the 
arount of the powers of 
pressure which are act- 
ing upon the bone cy- 
linder of a nailed fract- 
ure, The space covered 
by the arrows corresponds 
closely to the spindle 

of callus observed by US, 


callus are the largest at the level of the fracture, 
Thus « svindle-shaped cal us will develop round a 


strees ({Ilteastration 13) will outline a spindle similar 
to that formed by the callus. This has been observed 
often in practice. Thus is explained how pathological 
Stress in the tube of the corticalis lesds to the form- 
ation of a periosteal callus, 


I am convvinced to have finally proved tht the 
Stimulation by an exertion of mechanierl strain upon 
the periosteum is necessary for cavsing the formrtion 


of a periosteal cover by the fact thit a picce of tibia 


when excluded from its physiological tension Coes not 
Show this reaction A small piece of bone was resoct-= 
Gastron the tiri2r st its proximal and ‘distal end: snd 
set out of function by the manner of esverns:on which 
is to be seen on the dingram. The defoct of the bone 
is slowly bridged over as shown by the later pictures 
But an extraordinary (-special-) formation of perio-., 
steal callus as would have been exvected from the sti- 


mulation of the wti2rrow is not to be seen in the isolated 


piece of tibia, 


Iliustration:d4 


Missing formation of periosteal callus 
after stimulation of the marrow (ir- 
on) in a piece of tibia being set 

out of funetion ih a physical 
sense, 

a, 10 weeks after the operation 

b. 18 weeks after the operation 


éa,.Yacs the development. of "eallus without fracte 
ure" depend on the age of the vatient? 


The reactive capability of the periostcum boing of 
fundamental importance for the formation of »reriostcal 
cal'us we shall have to examine whether and to whit exe 
tend this reaction depends on the age of the individual, 
Here should be mentioned for the first time two clinical 
experiments which I h2ve mace in the expectation that by 
Stimulating the marrow cavity the formation of callus and 
in consecuence also, the healing of the fracture would 
be influenced favorably, These exo riments scam to be 
justifiable since nurcrous animal experiments had »vroved 
them to be innocuous, 


The first case was a 54 yerr old patient Joh, C, 
who hac sustained a fresh simple fracture of the lower 
leg. The tibia was treated with a nail covered with a 
thin layer of zine in the two riddle fourths (155), During 
the first weeks a striking warmth of the leg could be 
observed clinically, The patient complained of a pain-= 
ful throbbin~ with 2 feeling of hect. The leg showed all 
signs of an aseptic inflamration. There was no fovcr, 
Six months later the rocntgenogram showed an intense 
"osteitis", i.e, small spotted rav®efactions all over the 
whole bone, But the demineralization was delayed in the 
area adjacent to the gine which looks like a central se- 
questrum (ea2. 356), : Tite process of this discase lcested 
for Ralf a year, By then the bone had regained - nernwnig 
normal appearance and the paticnt was 2bdle to return to 
work, A periosteal reaction w2s not observed at any strge 
nor did 2 delay in bony union occur, 


Lllustration 15 
patient Joh,C,. 54 years 
old. 
lilustration 154 
Freshly nailed closed 
fracture of the ta szae 


Ee 


<a 


~ 
a 
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Tllustrations 


b, Central ascotical seovesrtrum in the 
ares of the irritating tayor ‘of - zine 
on the nail,’ Poreosis of the: othoar pens 
tissue, No periostcal reaction, 

Cc, Slow restoration of the normal structure 
of the bone after ronoval of the nama 


¥ 


The second case was a 74 year old woman who had received 

a transverse frrcture in the middle of the femur (Illustra- 
tion 16), Zine again was used as additional stimulation 

in tbe tvo middle fourths of the nail. Clinical symptoms 
of as-ptic inflammation did not exist.  S8ut the roentgeno- 
gram disclosed the same changes as mentioned in the ecrse 
before, namely gencral rarefraction 2nd the formation 

of a.central scnuestrum in the neighborhood of the gine, 
Herc to no periostcal resetion at all was obscrved 
(Illustration 16). iM measureable disturbance of bony 
union was not scen, Slowly the bone resained its nor- 

mal strueture (Illustration 16c), 


In both cases we had older individuals and in both 
extensive changes had been inflicted unon the corticadis 
caused by the irritation of the marrow cavity and in both 
cases we can speak of 2 transient secuestrum-like’ formation 
Of the central layer of the corticalis,. ‘But at no stage 
of this process dic the least periosteal reaction take 
banee,  Only'a scanty formation of cal?us 2t the very 
fracture, in which the periosteum to. may h-ve shirred 

os was to be scen, 


~ 13 - | | | 


Tllustration 16 (Patient Ida Z., 74 years 
Ili, 16a and 166 


a. Freshly nailed closcd fricture of the 
femur. 

b, Centrizl aseptic secuestrum in the area 
of the irritating laye- of zine on the 
nail, Porosis of the other bone tissue, 

No periosteal reaction, 


Tllustration l6¢ 


Slow restoration of the normal sturet- 
oe | ure of the bone after removal of the 
a | | nail, 


Surveying our nailed fractures we found (ALSLEV, 
GRIESSMANN and SCHUETTEMFYFR) that only with younger 
individuals up to 20 years was a formation of pvorio- 
Steal callus reaching far heyond the fracture itself, 
to be demonst<.ated as is shown in Illustration 17 for 
instance. Also when surveying numerous friretures which 
had not been nailed we made the striking observation 
that a spindle of callus, as shown for instance in 
Illustration 18, is to be observed only with youn* indi- 
viduals, 


Illustration 17 Illustrotion 18 


Extensive formation of pe- Callus spindle of the 
riosteal callus throughout young in the tibia of 
the whole length of the a fracture no t nail- 
noiled radius. ed, 


Paticnt Karl-Heinz L, 18 years, Patient Chr, St. 9 years 


In accordance with this observation H®RZOG ‘met an 
increase of thickness of the shaft of the neiled thigh 
only with young individuals, S, ORL’ reported on a 
particulerly sednty formation of "os novum" in older 
individuals. This “os novum"” is vrocuced by instcxlling 
a chip of bone (os purum) under the periosteum, It also 
agrees with the former observations that tr-nsvlantction 
of sxeriostcum alone of the growing animal procuces bone 
(AXHAUSEN ond BFRGMANN), Finally I mention the vubli- 
cations of SWANTF ANNFRSTFN (1942) aecording to which 
the periosteal callus chiefly represents a charact-ristie 
formation of the young (age below 20 years). Ho examined 


Oe Ke ei 


the development of callus in fractures of the dianhysis 
of the forearn, 


In the same year I reported on the chemically stim- 
ulating effect of the KUFNTSCHTR nail, I refcr to the | 
formation of periosteal callus extendine the entire length 
of the diaphysis accompanied by a reconstruction of the . 
corticalis recognizable by its irresular condensation and 


rarefraction of its structure as described by AUNLTOCHER, 
Sueh a reaction I found in only 5 cases and always only in 
young individuals of less than 20 years, It vas vrobably 


caused by a not entirely corrosionproof stcel as ias used 
for a short time before employing V2A-steel, 


Animal experiments showed the same corditions, In 
Clilustration 19 we have the tibia of a 10 year old dog, 
7 weeks after installing a strong irritation of the marrow 
Qavity (namely two zinced iron wires), ‘Je observe only 


avery poor periosteal reacti-n at the back side of the ‘| 
bone where the corticalis is damaged by the closely ad- tio} 


jacent iron wire, This damace may be seen in the nicrow 
scopic picture (Illustration 20, the microscopic picture 4 
of illustration 19, which could not be reproduced because ' 
the negative was not available, )which shows that we have 
again principally the same process we have found before | 
elsewhere, But on comparing the callus reactions the \ 
difference is only one of extent, : 


IANS trapion 29 


Poor periosteal reaction 
of'a 10 year, old’ Gog, 7 week 
) : after introduction of two 
| zine coated iron wires, 


A eae oS 
The microscopic picture (Illustration 21) shows the tibia ~ 
of a senile guinea-pig 20 weeks after installing an irons 
zinc bar. lLarve spaces of resorption in the corticalis (a ae 
prove the necessary reformation of the damaged bone, But 
the periosteu~ does not sow the least reaction, (Illustra- 
tion 21 could not be revroduced because the nevative was 
no longer available.) 


Illustration 22 shows the titia of a dos of about 
2% years old, 4 months after an intense application of. | 
heat to the marrow cavity, The central secuestrum which — 
was present 4 weeks after the cdamaze (I11, 22b) is remov-= 
ed, The transient extensive forration of cal'us has de- © 
‘ereased to a “reat decree, The bor’er »etrcen the old 
and the new bone can only be rves’ecd (Illustration 22c). 
The reformation of the bone is not yet complete as can 
be seen from the large “lood containing spaces in the 
q corticalis (Ilitustration 23) hut the bone has already to 
> a great extent adovted its original shape according to 
the principle of functional adaptability, (Illustration 
23 could not be reproduced), 


Treinstration:.22 


tre | a, Tibia of a 2 year old dog imnediately 
Bee after cooking the marrow cavity by a heated 
! es V2A-~-bar. | 
Meet b. Central secuestrum and extensive periosteal — 
| - yeaction 4 weeks later, | 
ce, The central seovestrum has disappeared, A 
nev? corticalis has formed out of old andi 
, new bone, . 


- 17 «= 


we 


The final restoration of the old condition is to be 
seen from the tibia of dog #6, 2+ year after the intro- 
duction of a nickeled iron saw into the marrow cavity, 


Neither in the roentgrcnocram (Illustration 24) nor 
in the miscroscopical picture (Tllustration 25, which 
could not be reproduced) is any patholocical change of the 
corticalis cylinder to be found, The saw is so severely 
corroded that it is broken, It lay in the marrow cavity 
embedded in a cavity filled with a thick brown licuid, 
There was no evidence of a connective tissue cansule 
around the saw as we observed in previous pictures (111, 
Ser hd, 22s 23), 


Illustration 24 


Tibia of a 3 year old dog 
2% years after the ‘intro-= 
duction of a strong irri- 
tation of the marrow ca- 
vity. The tibia shows now 


ure. 


In the marrow itself iron is de»vosited in large cuanti- 
ties (Illustration 26), (Illustration 26 covld not be 


reproduced,) 


4o...D9¢8 the extensive srowth of periosteal callus 
Gaused by the irritation of the marrow cavity als n 
acecleration of bony union? 


Considering my description of the ‘callus without 
fracture" this se-ms to be rather dubious since we have 


to put the ouestion: What has the periosteal cover. of callus ae 


what have the aseptic osteitis or the aseptic necrosis of 
the bone to do with the bony union of the fracture? I ad- 
mit that the periosteal callus can play an important part 

as shown especially by the long spindles of callus in young 
individuals which can as well be observed without the use of 
the nail (Illustration 18). But besices that the ‘callus 
without fracture" independent of its origin, can only be 

of no, or only insignificant, importance for the bony union 
of the fracture. Let us have a look at the roentgenograms © 


mt £hiustration 27 and 28, 


again entirely normal struct-= 


ee eat 


— 
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Purvoseful develop-=- 
ment of intermediary 
callus in the upper 
arm, There is nothing 
to be seen of the peri- 
osteum taking part in 
the bony union, 


Til 28 


Tibia of a dog 

32 weeks after 
osteotomy of 

both tibiae, 

The right one 

is provided with 

an irritating 

nail, the left 

one provided 

with a V2A-nail 
left: bony union, 
right pseudarthros-~ 
is in svite of act- 
ive formation of 
periosteal callus, 


Page > ea 


After 4 weeks the closed fracture of the upper 
arm shows purposeful growth of intermediary callus, 
filling up the considerable large gap between the 
fragment. There is no pcoriosteal reaction, The 
osteotamy of the tibia tre:xted with a zine coated 
nail shows the most severe changes of the whole bone 
with an enormous growth of pneriosteal callus, Sure- 
ly the fracture is well stabilized by the nail but the 
gap between the fragments extends through the callus 
cover, Sudo GB1 Ua Gaver only serves te_ sup erk— sae 
ends_of the fracnents the cortical: Ugaach Ts cops 
siderably impaired by _ the ascotic_ - a 
callus has_nothing to do with the uni 
Ure 


In the clinical exprriments (Illustr tions 15 and 
16) a disturbance of bony union could not be proved, 
Of course this ncuestion is.diffieult to judge since both 
fractures were perfectly stabilized by the nail and 
naturally an early removal of the nail could not be 
risked in any circumstance, To obtain some certain 7 
I made two further animal experiments, Clarity about 
this\cuestion could best be attained by causing an 
artificial separation of the fragments - an occurrence 
which cannot always be avoided evrn by nailing, Ex- 
perimental dog #8, 22 wecks afte’ osteotomy of both 
tibiae doubtlessly shows a pseudarthrosis of the right 
fracture which had been treated by an irritating nail 
(iron coat) while the left tibia shows even as carly 
as 6 weeks a good bony union and after 32 wecks a faulte- 
less bony healing of the fracture (Ill, 28). 


In order to preserve the much more physiological 
conditions of a closed fracture I have used marrow 
screws instead of nails. The point of the screw must 
be shaped like a tap, as otherwise the sufficiently 
thick screw will burst cach tibia, Thus the subcutane- 
ously made and over-extended fracture can be distracted 
with certainty, The screws installed in both sices were 
made of V2A stcel and the one used for the right tibia 
was vrovided with a very lone additonal stinulating 
wire and coiled round the she bade of the screw. There 
48 a\ characteristic stimulatins owality of tho screw even 
if of chemically inactive material which cruss an 
abundant growth of neriosteal cal’‘us., This moy be due 
to the mechanical tensions of necessity caused by the 
screw in the bone cylinder, The formation of the 
periosteal callus cover was far more extensive on the 


iside of the intense stimulation of the marrow cavity, 


The lower leg of the dog showed clinically an enormous 
thickening. Fven the soft tissves to a high degree took 
part in the aspetic inflammation as can be seen from the 
microscopic picture of the muscles adjacent to the bone 
717. 39). But together with the asevtic inflammation 
of the bone accompanied wit!’ the intense formation of 
callus ther~ is to be found simultaneously a distinctly 
visible disturbance of the formation of callus in the 
gap between the fragments (111, 30) while on the control 
side this gap was filled up to a great oxtent with callus, 
(Illustration 29 could not be reproduced, 


Het netr. 30 


Osteotomy of both tibiae 
snreacine efcect by 
marrow screws, Delay- 
ed filling out of the 
cap between the frag-. 
mehts (right at the 

side of the irrita- 

tion of the’ marrow 
cavity, 


In my opinion this prowess is not difficult to ex- 
plain. The disturbing effect of chemically active sub- 
stances on the growth of callus is known sufficiently 
well, The clinical and ex»osrimental confirmation of 
this are numerous, Here I want to mention only the + 
detailed investigations of LANGE, KOFLSCH and the very 
interesting observations of Vitroecultures of J,VERWE, 

M. MENEGAN, J. M. V@RNE and. J...B. MAGNANT. A chemically 


active substance, as for instance iron, ciuscs a destruction, 


of the bone tissuc. When this sSstinulatine substance lies 
far from the periosteum, for instance in the morrow 
aavity, the periosteum is able to answer with the desired 
formation of callus, But if the drritating body is situated 
in the area where the periosteal callus should be expected 
to develop we will miss this periosteal reaction and only 
a destruction of the corticalis is effected as shown in 
Jilustration 31,, taken from the clinical material, Zine 
coated iron wires used for osteosynthesis have caused a 
complete absence of any growth of callus at the fracture 
(LANGE), 


Since we have to assume that if there is a separation 
between the fragments the chemically active irritating sub- 
stances will pass through the gap between the fragments it 
is not surprising that a disturbance of filling uo this 
gap with callus will occur, 


=,2l « 


Illustration 31 


Area of destruction in the 
corticalis of a phalanx’ of 

a finger caused by iron 
splinter.: The foreign, body’! 
situated at the surface of 

the bone prevents a periosteal 
formation of calius to take 
place, 


The development of "callus without fracture’ is 
effected by changes of the physical circumstance of the 
bony cylinder necessitating a support of the bone by 
means of the formation of this periosteal cover, This 
alteration of the physical circumstances may be effected 
either mechanically (by spring blades, laminaria pack, 
or spreading nails installed in the marrow, cavity)or 
by a chemical or thermal irritation of the marrow cavity 
causing first a necrosis or an aseptic inflammation of 
the bone, If it is not. necessary to sup ort the bone 
whoso physical circumstances have been altsred, thé 
formation of periosteal :calius will remain absent or 
only take place in a very smrll amount, 


The extent of this deveclovment of veriostecal 
cal’us depends oh the age of the irndivirval, In youth 
it is most abundant while in senility it will only appear 
in a slight extent or not at all, 


The radical changes of the bone caused by the 
irritation of the marrow cavity are completely revers= 
ible, ,; When all the reactions have taken place the bone 


is restored in its old shape with adaption to its functions 
al tasks, 


The formation of periosteal callus caused by chemical, 
thermal or mechanical irritation of the marrow cavity takes 


place entirely independent of the growth of callus at the ea 


very fracturc and need by no means be accompanied with an 

acceleration of bony union of the fragments, The chemical 
irritation of the marrow.cavity can even cause a delay of 

union or development of a pscudarthrosis, 


Therefore it Goes not seem suitable to »vrovide the 
nail with an additional stimulant for the marrow cavity 
Since this may disturb the bony union.of the fracture, ‘suen 
a disturbance is not to be expected when chemically inactive 
material is used, Also for the marrow nail the same Ppule is 
fo be applied as for all matcrial for’bone sutures: It is 
the more suitable the lcss it is liable to corrosion, ff 
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Experience has shown that fat embolism is not a hazard 
to be feared in the marrow nailing method of XUFNTSO:°R, In 
Spite of this experience I have re-examined this cvestion by 
some animal experiments, From our combined experience with 
the marrow nailing (A. W. FISCHFR and MAAT&} we hac to admit 
that in some border-line cases it could nov be determined if 
dislodged fat had played a part in the fatal end and if the 
marrow nailing method was the decisive factor, Hundreds 
of marrow nailing operations have vroven that in the case of 
a single fracture of a limb with a generally good constitution 
ef the patient, fat embolism does not occur in sufficient ex- 
tent to give clinical symptoms, On the other hand, it is 
important to know how extensive a fat embolism follows marrow 
nailing so that it may be considered in the judgement of 
cases where the general constitution has been materially 
effected ( as for instance by multiple fractures or extensive 
injuries) and an additional hazard is not added in a case of 
doubtful eutcome, 


In 19 fatal cases including those treated with the Y- 
shaped nail of KUENTSCHER, 6 could net be autopsied, Judg- 
ed by the clinical picture one of these fatalities might 
well have been determined by a fat embolism: 


The patient was the 44 year old A. M, On May 4, 1940, 
she fell out of the first fleor and suffered, in addition 
to fractures of the neck of the femur, of the low-r jaw, 
and the bridge of the nose, a further fracture in the middle 
of the shaft of the left femur. On May 8, four days after 
the accident, a nailing of the fracture of the femur was mado 
with the patient in a generally good constitutional state, 
The operation was done without difficulty, On the evening 
ef the same day the gen-ral constitution began to grow con= 
siderably worse and at 2,00 a.m, the patient died with the 
symptoms of an embolism showing pale cyanosis and cyspnea, 
The patient was very adipose, The husband refused to give 
permission for an autopsy. 


Fovr out of thirteen autopsied cases showed a more or 
less extensive disledgement of drops of fat into the very 
fine vessels of the lung: 


Patient M, L. 64 years old. We had to deal with per- 
trochanteric fracture on the left side with marked displace- 
ment. During the nailing which was performed the day 
following the accident, a very great hematoma of the fracture 
drained off. In other respects the marrow nailing operation 
was not unusual, Postoperatively a severe circulatory 
collapse oceurred, The patient died the same day without 
recovering from the collapse, The important pathologic-ana- 
tomical findings were: flabby brown heart muscle, an early 
bronchitis with small bronehopnevmonitic foci and a modere- 
ate sized fat embolism in each lung. 


Patient E, T., 78 years old, In this case we had to 
deal with a very weak patient, with a pertrochanteric fracture 
on the right side. On the third day after th- accident the 
marrow nailing was dene without complications, After this, 
however, the general constitution of the patient grew stead- 
ily weaker and 5 days after the eperation he died, The au- 
topsy showed the fellowing findings: slightly sclerotic, 


flabby brown heart muscle, artcriosclerotic shrunken kidneys, 
a discharging parotitis with an infiltration of discharge 
into the mucous membrane of the larynx and of the throat, 
chronic congestion of the liv r with a peripheral fatty 
degeneration, a chronic endometritis, and a small fat enm- 
bolisn, 


Patient F,. L. 42 years old, was sent to the clinic on 
May 17, 1941 with a transverse fracture in the middle of the 
right femur. In addition the patient had suffered a fr-cture 
of the lewer jaw, a lensshaped hematoma and a concussion of 
the brain. The nailing opcration was mace on lay 24, 1941, 
without any complications. The day after the vatient cied 
because of a fai lure of the circulatien, The autopsy showed 
the following finding: Trivial skin injuries, extensive 
hemorrhage of the soft parts, especially in the lower limbs, 
a surgically treated fracture of the shaft of the right femur 
and a heavily discharging bronchitis as well as areas of 
consolidation in both lower lobes. The micrescopicad exam- 
ination indicated a moderate amount of fat in the fine vesecls 
of the lung, 


Patient M, F., 20 years old, was sent to the clinic on 
August 24, 1941, with a fracture of both legs. The patient 
was suffering from a severe shock, but in oth'r respects she 
was in a very good general condition, On August 24, a nail- 
ing of both legs was made after the paticnt had recovered from 
shock, From the s'ock which arose after the nailing oper- 
ation the patient did not recover and she died on August 28. 
The findings of the autopsy were: Extensive fat embolism in 
both lungs with a heamorrhagic-inflammatory infiltration of 
all lobes of the lungs, 


Especially in the last mentioned case one would think 
that the postoperative fat embolism might have played an im- 
portant part in the fatal outcome, The findinss of the 
other patients differed so censiderably that it might well 
be concluded that the embolic dislodgement of fat was not 
decisive, 


Whereever the new method of marrow nailing accorcing 
te KUENTSCHFR began to be known, fat erbolism was feared 
in addition to other considerations, It is obvious that 
numerous arteries and veins arc opened by driving 2 big 
foreign body into the bone marrow. The severed artcries 
containing blood, constantly under pressure, create a hema- 
toma. On the other hand, the veins, gaping open as they do, 
drain off the blood and along with it drops of fat, perhaps 
ven by suction, 


Let us now discuss briefly the mechanism of fat embo- 
lism as demonstrated by resecarch, 


The two possibilities for the development of fat em- 
bolism can be explained on eith:r mechanical er a colloid 
chemical basis. The latter one is of no inter-st with re- 
gard to the marrow nailing. It is caused by a flowing to- 
gether of the very fine emulsion of fat circulating in the 
blood, LEHMANN and MOORE noted this occurrance after 
Histamin injections, REICHFR, v, SEEHEIN", LEHVANN and MOORE 
and FAZFKA during ether anaesthesia, while ZSCHAU observed 
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it in the case of aseptic decay of tissue, 


While v,. WILLMS and FRITZSCHE regarded the mechanical 
dislodgement of fat through the veins as improbable, there 
is, according to the research of all the othcr authors, hardly 
any doubt, that this crude, mechanical dislodgement is the 
usual method of formation of fat emboli, According to BUSCH 
later BLOURNY, ¥, BERGMANN, PELLIS and others the vessels 
are torn in the ease of a fracture, An increased pressure is 
created in the marrow space and the blood carries drops of 
fat out through the veins. Thus the fat comes first into 
the respiratory circuit and later into the gen-ral systemic 
circuit of the bleod vessel system. The entrance of the 
fat into the veins is facilitated by the gaping rents in 
the veins as preven by LANGER, It is not clear whether or 
not a suction effect of the veins plays any part (BUSCH), 
According te HOFHFINZ this does not seem very likely as the 
veins are too far distant from the heart, The exarinations 
of LARSEN are of intcrest in this matter, for he has proven 
physiologically that an increased pressure exists in the 
marrow space. This fact i# the probable explanation of 
how trivial injury, even a bumping of the shin bone, might 
cause a fat embolism (RIBBFRT), 


KUENTSCH’R points out that the development of fat em- 
bolism in the case of marrow nailing does not secm very li- 
kely, as the nail dees not fill up the marrow space like 
the piston in a syringe, and therfore the possibility 
of an increased pressure in the marrow space in front of 
the nail does not exist, The V-shaped cross section of 
the nail fills the marrow cavity only partly and it leaves 
sufficient space for the drainare of the blood, which can 
drain off between the nail and the guide rod at the place of 
introduction, This is true even in the case of a percutaneous 
marrow nailing, for practical experience has shown that suff- 
icient room remains for drainage, As long as the blocd con- 
taining fat, can run off easily, the possibility of a fat 
embolism hardly exists at all, It was also observed by 
HOFHFINZ that fat embolisms occur very seldom in cases of 
open fractures, 


Undoubtedly KUENTSCH R's considerations are valid, On 
the other hand it cannot be denied that a fat embolism may 
be possible in spite of the above mentioned favorable fact- 
ors, for the smoother the operation gocs, as for instance 
in the case of a percutaneous femur nailing, the smaller 
will be the possibility for drainage at the place of in- 
troduction. AS soon as the guide h2s been reroved after 
finishing the operation the conditions are again ,.favorable 
because of the wide opening at the head end of the nail, 
According to theoretical considerations alone, however, 

a draina°c of fat through the veins caused by an increased 
pressure in the marrow space might occur in the meantime, 
An insignificant dislodgement of fat is of no clinical im- 
portance, All clinical methods or its detection are ina- 
dequate, According to MAGNUS and JACOBI capillary miscros- 
copy indicates numerous failures at the place of the fold 
of the nail, KILIAN, KLAPP, STRUP?LER and others found 
negative results on the retina of the eye, even in cases of 
a fatal outcome, in contrast to the findings of OP OLZ"R 
and URBANECK, In cases without clinical significance the 
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determination of fat in the blood is not indicated, (v, 
NATHFR and SUSANI, FLICK and TRAUN), RAPPERT regards. this 

to be of importance only as a forecast of prognosis in severe 
cases, Fxcretions ef fat in the urine could be observed 

only in extremely rare cases, 


Desisting from all covuestionable examinations on oatients 
I regarded it as indicated to find oppWanimal exveriments if 
any fat embolism occurs at all, and if st, to what extent, 


In the first experiment nails were driven into both 
tibias and both femurs, all being sound bones, of a middle 
Sized dog under Somnifen-anaesthesia, This duplicates 
the technicue of femur nailings on human beings, for in 
case of nailing th- shin-bone of a dog a straight nail can 
be introduced into the marrow cavity fror the wide tubcrositas 
tibiae, The dog was killed after 30 minutes by opening the 


thorax, 


As might be expected no sign of dislcedgemeait of lat 
could be discovered in the dog while still anaecsthesized, 
The lungs, kidneys and the brain were examined histologically, 
The section of the kidneys and of the brain were imbedded in 
celloidin and dyed with sudan, These showed small drops of 
fat lying in the capillaries, One can rightly take it for 
granted that in general the fat is at first stovved in 
the capillarics of the lungs, On the other hand, the 
experiments of R™UTH'TR and NAKATA have deronstratcd that 
fat injected into animals might within a few minutes be di- 
vided between the respiratory circuit as well as the general 
Systemic circuit of the blood vessels system, SKIBAS has 
ebserved the first drops of fat in the canillariés of the 
spread out tongue of the frog within 42 seconds after a 
fracture of both legs, Therefore the fat must have passed 
through the lungs within this time, 


Small drops of fat, having some slight variations of 
size, were uniformly distributed throughout the lungs, A 
preference of the lower lobes+could be clearly recognized 
according to the findings of KRFTZ, which findings were not 
accepted without question, In a scctional area of 4 oquaré 
millimotcrs two or three drops of fat' could be sc@n in the 
Ccapillarics, We are therefore dealing with an extremely 
alight dogree of fat dislodgemenut into the lungs, Only 
at sene isolated places in the right lower lobe 10 to 20 
drops of fat could be scen in the area ( 4 souare millincters) 
of which some were of larger size, 


In the second experiment both the shin-bones of two 
guinea~pigs were nailed under ether anaesthesia and with 
the same technioue as in the case of the dog, The first 
animal was killed after 12 hours, the sccond after 24 
hours, Only after a long search could some drops of fat 
be found, which were widely separated in the capil’aries 
of the lungs of the first animal, The findings of the 
other organs did not indicate any disease, In the case of 
the second animal no signs of fat could be recognized in 
any organ, 


<= 


The findines obtained indicate that fat embolism may 
occur in the marrow nailing method of KUENTSCHTR, The 
incidence, however, is so insignificant, even when four long 
bones are nailed at a time, that it is of no practical ime 
portance. In this case there is a disagreement between my 
experiences and the clinical exverience, as already mention- 
ed in the beginning. 


When treating patients whose clinical picture caused 

by the injury indicates that a fat embolism has to be foared 
we Should not nail, This is to avoid any slight additional 
tendency to fat embolism, In the above mentioned consider= 
ations it should be especially pointed out that aside from 
the peculiarity of the operation (the insertion of the nail 
into the marrow) which necessarily leads to severe shock of 
the effected part, even the manipulation of the injured limb 
considerably increases the danrer of a fat embolism, 


S_U_M MA RY 


It has been proved by animal exvpriments that a cislodge- 
ment of fat into the lungs might take place in the marrow 
nailing method of KUENTSCHER, The incidence of fat em- 
bolism in these cases is so infrervent that it is not a 
complication of clinical importance, Because of our clinical 
experiences we must emphasize that patients shovld not be 
nailed if an embolism is for other reasons to be feared, not 
only because of the usval important indications but also 
because of the possibility of an inercased likelihood of 
dislodgement of fat, 
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At the Surgical Congress in Berlin in 1940, NORDMANN 
and KOENIG expressed serious misgivings that the marrow 
nailing according to XUFNTSCHER might set back the oper-= 

ative treatment of bone fractures into an earlier per- 
iod. In contrast to this, A, W, FISCHER pointed out, 
that in this case it is not a ouestion of an operative 
treatment of fractures in the usual sense of previous 
times as the fracture is nailed from a distant place 
without exposure of the fracture site. Consideration of 
this method justifics the point of view that the danger 
of infection, which is feared in the surgical treatment 
of fractures, plays a minor and unimportant role, 


The opcrative wound on the thigh for the marrow 
nailing is only long enough to ocrmit the nail to be 
inserted throvgh the skin. On the ulna and the radius 
it corresponds to a stab incision, on the arm above the 
elbow and on the leg it is only slichtly larger, Thcse 
small wounds in the soft »arts must be considered as 
only slightly liable to the danger of an infection, 


Practical experience has proved this to be true, 
In more than 200 cases of marrow nailing we have ob- 
served an infection of the place of insertion of the 
nail only 7 times, Ina work of A, W, FISCi”R-R ICH ree 
cently published in the Zentralblatt fuer Chirurgie, 
6 observations concerning this subject were mentioned, 
To these one new case has been added here, 


A mild, locally limited inflammation arose, which 
healed after a short time. No infection of the marrow 
cavity follewing the marrow nailing of a simple fract- 
ure of the shaft arose in any case where the nailing was 
made immediately after the accident, Some excentions 
will have to be discussed later, In this connection we 
wish to point out that we had to deal with some unusual 
cases, They are included in the above mentioned 7 cases, 


Compared with other aseptic operations (as for in- 
stance inguinal herma with an incidence of 2,3% according 
to TEICHERT, 6,8% according to GROGOW and 5% according 
to KIRSCHNER) this number of infections may proverly be 
callod low, It is of no practical importance, as an in- 
fection at the place of insertion of the marrow nail is 
not of ecval significance to an infection at the place of 
fracture, for the distance fror this operational wound 

to the place ef fracture is usually considerable, | 


: In discussing this question, it should bc »ointed 

@ut that the metal nail has an oligodynaric effect and that 

it guarantees an exact fixation and maintenance of cvict of 

the fragments which are generally accepted as desirable 
circumstances in fighting inflammation. *“inally we wish to 
emphasize in this context the fact that, according to the | 
examinations of LEXER, LOOSTR, W. MUEL."R, ERB and BORD- | 
ASCH, bone marrow shows only a slight tendency to in- 

flammation and that it has obvious resisting ability at 

its disposal, 


This is also confirmed by the observations of a 
Successful course of healing of a fcw marrow nailing oper- 
ations, in which, in spite of an infection of the insert- 
ion canal, no infection of the marrow cavity and, therefore 


no suppuration at the place of the fracture arose, 


To a certain degree, the circumstances of the nail- 
ine of the neck of the femur may be compared to this 
operation. They are certainly more unfavorable, for the 
distance from the place of insertion of the nail to the 
fracture is considerably shorter than in the case of a 
marrow nailing. In 163 cases of a nailing of the neck 
of the femur (until 1939) we have only once observed an 
extension of the inflammation to the place of fracture 
(KUENTSCHER), 


Our experience with 165 uncomplicated marrow nailings 
according to KUENTSCHER hav- confirmed our suppositions, 
TheBpe figures, however, refcr solely to the uncomplicated 
nailings of simple fractur’s., No cases where the place of 
fracture was exposed, compound fractures, osteotomies or 
so-called Y-nailings are contained in them, 


As we shall see later on, the excenotions mentioned 
above are to be regdrded only as such, They do not prove 
the theory incorrect that practically no danger of an 


infection during the marrow nailing is_to_bec_cxpected, It 
' should, however, be observed, that here we mean merely 
the nailing as first mentioned by KUFNTSC. "R, namely 

the nailing of a simple fracture of the shaft without ex- 
posure of the fracturessite, If_one therefore limits_the 


noiling if_an_ adeouate closed fixation “ocs not scem_to__ 

be_vossible, one might rightly say that the paticnt was_ 

not _cxposed_ to the danger of an infection of any imports: 

ance by the operation, Nowadays these considerations ccr- 
tainly do play an important part, as we have to deal with 

a new procedure which is meant to superssde approved 
old methods, 


After his first successful nailings, KU™NTSCH™R ex- 
tended the indications. By animal exp riments, the re- 
sults of which were not published because of the cir- 

cumstances of the war, KUFNTSCHE could demonstrate 

that a compound fracture will also heal excellently after 
the nailing. Finally the use of the marrow nail has prov- 
ed to be especially successful in cases of osteotomies, 


The circumstances with regard to the danger of an 
infection are entirely different in cases of osteotomies 
and are still less favorable in cases of compound fractures, 
The fracture site is exposed and the germs can easily find 
access, In eases of compound fractures it is even to be 
expected that wounds in the soft parts and in the bones 
are all more or less infected, Therefore, infections were 
to be expected and they have arisen, 


It will be of special importance to find out whet. 
course an inf-ction takes after the marrow nailing, “as 
the nail a decisive influence on the course of the in- 

flammation of the bone? Has this foreign body, which runs 
through the entire marrow canal, any disadvantageous in- 
fluence , or does the fixation of the fracture parts (by 
whieh they are kept in a ouiet and resting position) by 
the marrow nail offer a considerable advantage? 


so 


One will in any case have to expect some infections 
in cases of osteotomies and compound fr .ctures, It 
should depend on the mild or the virulent course of the 
infection, whether this procedure will also be success- 
ful in these conditions, It could not be decided from 
the very beginning, whether or not this extension of the 
indications would be an advantage for the marrow nailing 
method. The only thing that covld be done was to find this 
out slowly by experiments, +4 wos only recently that we 
learned that RAISCH (Wiener med, Ges., July 2, 1942) has 
observed progressive marrow phlegmons with 2 sepsis and a 
fatal issue after the marrow nailing of comnound fractures 
during experiments on guinea-pigs. This might cause a 
certain anxiety, 


The hospit2l reports of the clinic at “iel which h-ve 
been collected since the introduction of the marrow nail- 
ing method, are sufficient to form 2 temporary judgement 
and to give general directi-ns for further practical methods 
of tre2rtment, 


Are all compound frz2ctures to be nailed or are part of 
them to be excluded and according to which points of view 
are the hospital reports to be selected? Are the obviously 
great advantages of the marrow nail, 2s for instance in 
case of an osteotomy of the thigh, offset by the fact that 
an infection is to be fesred? Is the covrse of this in- 
fection of such a character that one might crxnelude th-t 
an increased danger for the patient arises because of the 
marrow nail? 


Recently A, W, FISCHER and MA\TZ reported in detail 
the hospital reports of the vatients of the Clinic st Kiel, 
Including the cases of observations, ‘“indly placed at our 
disposal by other hospitals we now have at our “isposal 
14 cases of observed bone suppuration followine the marrow 
nailing according to KUFPNTSCHER, 


Because of the great importance of the ecuestion it 
seemed indicated to collect these cases and to submit 
them to a critical exam’ nation, In this dissertation 
those observations are 21so contained, concerning which 
A. W. FISCHU?R and REICH discussed the ovestion of osteo- 
myelitis in case of a marrow nailing of compound fracttres, 


Purposely only cascs of infection are to be discussed 
in this work, for it is only from such cases that we can 
derive the experiences reouired for our future decisions 
in practice, As emphasized before, these observations were 
made during the tests of a new method of treatment, 


As regards the 14 cases of a suppuration of bone follow- 
ing the marrow nailing they have to be classified as follows: 


Following the typical KUPNTSCHER 
marrow nailing (simple fracture 


of the shaft) 3 times 
Exposure of the place of the 

fracture 2 times 
Compound fractrres . 5 times 
Osteotomy eee s 


.. 


As to the cause of the above mentioned bone infect- 
ions the follewing 3 observations are of Special intcr- 
ests: : 

cs Walter M., 18 years old, was sent to 
the clinic with severe injuries on the 27 Feb 
1942. Besides a compression fracture (XII,B.W.) 
with an angulation of 259, the patient suffered an 
injury of the right knee-joint, extensive hematoma 
in the soft parts of the trunk and on both thighs 
as well as a Simple transverse fr-cture of tHe 
left leg in the middle of the shaft. Immediatc- 
ly a careful debridement of the wound of the 
knee-joint was made and it was sutured in layers, 
On the following day the vertebra was success- 
fully fixed according to BOFHLER, When on March 
4, the impression wa gained that the wound of 
the knee-joint would heal primarily, there was 
no hesitancy about perfor-ing a marrow nailing 
of the leg, This was accomplished easily under 
Evipan narcosis, No add: tional fixation was 
recuired, Two days lat-r an increasine anemia 
(Hb. 37% at 1,6 mill. erythrocytes) xceco~panied 
by an increase of the pulse rate without a 
rise of the temperxrture was treated with a blood 
transfusion, On larch 7, the corset-like 
plaster cast was split in the shape of a basin 
because of difficulties in breathing, On 
March 7, septic temperatures arose, At the 
Same time an infectious exudate drained off 
from the knee-joint. The wound was opened, 
On March 14, the hematoma, including the one 
at the fracture of the leg spread painfully, 
Incisions demonstrated that these collections 
of blood w-re full of pus. A thick brown pus 
drained off, In all cultures haemolytic strep- 
tococci were found, The temeprature remained 
septic, a plxskrcast around the pelvis was put 
on and several blood transfusions were given, 
The suppuration in the knee-joint extended to 
the thigh and to the leg. On April 22, the 
right thigh was amputated. In the same even- 
ing the patient died, 
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of a simple, nailed fracture of the leg with a pyemia, which 
was caused by an infection of the knee-joint of the other 
side. As the patient died early, the course of the suppur- 
ation at the place of the fracture covld not be obscrved, 

It should be mentioned that in addition the hematomas of 
the thigh were infected by metastasis in the same way and 


at the same time, 


The occurrence of infection in the following two cases 
is also exceptional: 


na In this case we had to dral with a 
2 year old child, Karla B., who was sent to the 
clinic with a transverse fracture of the right 
femur at the level of the middle of the shaft, 
As the fracture remrined turned sideways and 


shortened in spite of a suspension bandage with 
adhesive plaster by the traction method and 

in spite of several attempts to set it, marrow 
nailing was performed on the 7th day of treat- 
ment (August 1, 1941). This was avery 4iffi- 
cult operation, It was from this case that 

we learned that a sharp guide rod is very 
unsuitable, exspecially in the case of small 
children, Apain and again the guide rod 
attempted to penetrate the corticalis in 
different places, Aft-~r considerahle trouble 
the introduction was accomplished, Then the 
Marrow nail stuck fast in the marrow cavity 
which was obviously a Little too narrow for 
the nail and it could not be ins-crted as 

decp as desired, It was protruding from the 
heac of the femur almost 4 centimeters a 
distance too great in cases of small children, 
As the operxtion had reouired too much time 
already, one desisted from changing the nail 
onee more, 


During the first week no complications 
2rose in the course of the treatment, After 
3 weeks a small fistula developed at the 
place of insertion of the nail, At the bottom 
of this fistula the nail could be felt, As 
the X-ray showed sufficient callus formation and 
one could also expect sufficient consolidation 
of the fracture because of the youth of the 
patient, the nail was reroved 5 weeks after the 
nailing to allow the fistula to h:al in this 
way. A few days later the child was released 
at the urgent recuest of the parents, (8% Sep 
1941). 


On 24 September, 2 wecks later, the child 
was arain sent to the clinic, The tempe- 
rature rose to 38,59 C, In the area surround- 
ing the place of the fracture of the thigh a 
fluctuant swelling was.detected, The X-ray did 
not give any indication of a secuestrum, An 
intensive growth of cal'’us at the place of 
fr2cture could be cleirly recognized, The ends 
of the fragments showed a slight reduction of 
calcium as compared with the usual proportion 
of calcium of the bone, An incision was made, 
considerable cuantities of pus drained off, and | 
the rovgh bone could be felt, A hip spica cast 
with window was avplied, After that the in- 
fection in the old fracture site subsided to 
Some degree. On 22 November a second incision 
of arn abscess was made, On December 20, the 
child was released and all the wounds were 
healed, 


The cuestion now arises: ‘Which facts account for the 
development of the suppuration in the frricture site? Un- 
doubtedly the laborious operation and an unsuitable marrow 
nail caused injuries to the marrow anc the corticalis, such 
as will not regularly arise in cares of marrow nailing, The 
fact that the marrow nail was protruding too far and thus 
irritated the surrounding tissue, first led to a locally 


limited inficetion combined in this case with sonsiderxrble 


eontuston of tissuc -.t the plxec of insertion, This soon re- 
sulted in 2 fistula suvxuration which disapper red after the 
removal of the nail, : 


ome weeks later an abscesslike supvuration appeared at the 
fracture site, which obviously had developed downwards along 
the marrow canal and which settled at the place of the least 
resistance of the tissue, As we shall see later on, the bed 
of the marrow nail is separated from the rest of the marrow 
by granulation tissue within a short time, The granulation 
tissue forms a kind of mantle around the marrow canal and 
thus prevents an extension of the infection to all the parts 
of the marrow (marrow phlegmon) as well as to the compacta 
and the periosteum, In the canal itsclf, however, infcctious 
matter may spread downwards and collect at the »lace of the 
greatest destruction, the site of the fracture and thus cause 
Suppuration, We shall sce lat-r such cases where the nail 
is still inside, Under these circumstances the bed of the 
nail acts as a sort of drain, which allows the pus to drain 
off through the place of insertion and thus prevents a more 
extensive infection, In tkts case also the supvuration re- 
mained confined to the fracture site, During -the entire 
process the callus formation was cuite satisfactory, The bone 
showed a moderate clacium reduction only temporarily and even 
this covld be observed only at the time of the suppurctic:n, No 
sequestration occurred, Thus there remains morcly the picture 
of a supvuration of the place of the fracturc, which has ob- 
viously arisen in the marrow canal after a fistuls supduration 
at the place of insertion of the nail, 


cP We had to attend Mrs, Luise E., 45 years old, 

She had an accident in the morning of Ausust 9, 1942 and 
was sent to the clinic in the afternoon of the same day. 
The patient was suffering from a fracture of the left 
tibia resembling the mouth-piece of a flute near the 
upper end of its lower third combined with a severe 
hemrtoma, The marrow nailing was done on August ll, 
under Fvipan narcosis, There were no difficulties, 
An X-ray examination indicated a p rfect position 

of the fracture pieces, Because of the severe he- 

matoma and as the nail did not fix the fracture 
pices quite firmly, the marrow cavity being very 
wide, the affected limb was treated bv the VOLK-~ 
MANN splint method. The temperature did not rise. 
The patient felt well, The place of insertion of 
the nail, how ver, discharged pus from the beginne- 
ing. On August 21, the stitches were removed, A 

small fistula suppuration existed at the place of 
insertion of the nail, which did not improve even 
after some time, On September 16, the nail was 
removed during which procedure pus was discharged, 
Haemolytic streptococei were found in the cultures, 
The secretion decreased. On October 29, a severe 
swelling, reddening and fluctuation arose at the 
fracture site. An incisien with a counter incision 
and drainage was made, Much pus was dischareed, 
No rough bone was felt, An X-ray examination on 
Novembcr 10, yielded the followine finding: spotted 
gradual fading of the entire bone, No secuestration, 
The drains were removed, Nowember 18: The temperature 
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rose te 39,5° C,. Slowly increasing painful swelling 
of the. left ankle, November 23rd: Incision, The 
joint was free... Fludd pus drained off, A plaster 
cast with a window was applied, 


Although the end of this cas cannot yet be foreseen, the 
picture of a pyemic condition can already be clearly recog- 
nized, The starting point is an infection at the place of 
insertion of the nail, In the course of this process a 
Supourntion of the place of fracture has arisen without a 
Sequestration following. So far the course of this case 
corresponds to the one mentioned above, Then fol’owed a 
Sup vurestion of the left ankle, The genrral condition is 
Serious affected, This is the first. observation of this 
kind during the marrow nailing of a simvole fricture of the 
shaft, 


It will be easier to expnlain the development of the 
Supyuration in the following cases, as it concerned cither 
the exposure of the place of a fresh fracture or of a com- 
pound fracture, or of osteotomics, Here it mizht be pointed 
out that exposures of fr:sh bone frictures beexme less frce- 
ovent as more experience in this new proccdurs was caincd, 
Nonc were performed th's year (1942). 


We are now going to describe 2 cas < of bone supour- 
ation following an exposure of the place of fracture: 


be Herbert G.,.20 years old, On 28 February 
1940 he suffered a direct fracture of the richt leg, 
Slightly below the middle, A plast-cr cast accerding 
to the traction method was avvlied, As the fract« 
ure did not heal well, a marrow nailing with the 
flexible marrow nail according to XUENTSCH’R was 
performed on 24 March 1940, During this operation 
the place of fracture had to be exvnosed, as the 
fixation did not succeed, [t was one of the first 
cases of marrow nail:ngs of the leg, On & April 
the stitches w re removed, The wound discharged, 
The fever rose to 399 C, On 19 April the suppur- 
ation at the exposed place of fracture had increased, 
The wound was examined, A counter incision was 
made, On 29 April the supvrurction decreased, 
Sufficient callus formation could be observed, 
(see I11, 1), On May 7, the recurvation was fixed 
under anaesthesia and a plaster cast was applied, 
On May 26, this plastcr cast was removed, On 
the same day the patient began with exercises, On 
July 7, a small sequestrum separated, A severe 
edema in the ankle was observed after the patient 
got up. On July 15, the nail was removed under 
Evipan anaesthesia, Clinically the fracture was 
firm. On July 20, a good healing process with 
sufficient callus formation could be obs-crved, 
On Septembcr 21, the patient was dischorged, The 
fracture has healed in proper alirnment,. A 
moderate bone edema still existcd. The »vaticnt 
had a slight limp in his eait,. ita later oxan- 
ination in August 1941, G. had no rore trouble, 
All the wounds had healed, The X-ray showed exe 
cellent contours of the bone exactly like that 
aftcr a fracture healed without suppuration,, 
No edema cxisted, 
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After careful consideration it must be vointed out here 
that a direct fracture of the leg was nailed with exposure 
of the place of fracture during a delayed healing process, 
This was one of the first nailings of lers, in which the 
So-called flexible rigid nail was used. A length» su»rpur- 
ation of the place of fracture with the separation of a 
small sequestrum occurred, An exposure of the wound as well 
as a counter incision were reryirgd, The general condition 
of the patient was at no time really effected, "ven during 
the suppuration sufficient callus w18: formed, The callus 
formation alse remained intense, ;probably stimulated by 
the metal of the nail, After 4 months, the nail was re- 
moved and the fracture had healed firmly. A final examination 
after 1 year showed that the contours of the bone were clearly 
Visible even at the place of the former fracturc, an’ the 
leg was again fully restored, 


Se Ne Bu, & 7. year 81¢ Bey. Hoep! tai; report 
No. 3436/41. He was sent to the clinic on March 
20, 1941 with a simple transverse fracture in the 
middle of the right thigh, On Mareh 24, a marrow 
nailing with exposure of the place of fractures was 
performed, as a non-operative fixation did not 
succeed on account ef obstructive muscles, In 
consequence of this a burn of the third degree was 
caused on the left thigh by the X-ray bulb, The 
rising temperatures setting in aftorwards wore 
due to an inflammation caused by the burn, On 
April 9, the patient was removed to the Heilan- 
stalt (Mental hospital) Schleswig. (it was a case 
of mongolian idiocy). On May 9, the paticnt was 
brought back to the clinic as a larger abscess 
had formed on the inside of the right thieh, A 
wide incision was meade, The abscess was -cxposed 
completely. On May 31, another incision was 
mace, A*ter the temperature had risen several 
times the suppur:tion subsided avain, Hemolytic 
streptococci w-re found. A hip spica cast with a 
window was applied, Afterwar¢s a suppuration 
draining from two fistulae aross«, one located 
on the outer side and the othrcrr oh the inner side of 
the right thigh, In the X-ray of September 23, 
a ring-shaped seoquestrum could be recognized in 
the area of the osteotomy, which secvestrum was 
about the size of a chestnut, The adjoinines bone 
parts were atrophic, Around the senuestrum 
a large necrotic area (involucrum) was observed, 
On November 7, a seauestrotomy was verformed and 
the nail was removed, A cylindrical seaucstrum vas 
removed without difficulty. A corresponding large 
cavity remained, On November 14, the patient was 
examined once more, ith the exception of small 
fistulae the wounds had’closed on March 9, On 
March 15, the patient got up and on April ll, 
he was discharged with only a very small supvuration 
fistula on the side of the thigh, 


In the above mentioned:case the infection of the expos- 
ed fracture site caused an ostcomyelitic picture, A ringe 
shaped sequestrum formed, We shall enter into particulars 
about this later, Furthermore a strong periosteal form- 
atien of new bone involucrum could be observed, The suppu'= 
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ration remained restricted to the place of fracture, 


We are now gninge to describe the course of bone supvur- 
ation in 5 cases of opened fracture: 


6, Willi L., 39 years old. The patient 
suffered a transverse compound fracture of the risht 
arm above the elbow, ».There was:a 15 centimeters 
long, deep wound in the soft parts of the inside 
of the upper arm, which was gaving open and was 
only a little dirty, The bone which did not 
protrude, was however, visible in the depth of the 
wound. In addition to this the vatient was 
suffcring from a concussion of the brain and 
the left ear was almost completely torn off, 

The wound was immediiately treat d anc a marrow 
nailing was performed, An abduction vlaster 

cast was applied ( on May 30, 1941). On June 

11, the wovnd had healed, The stitches wore 
removed, On June 15, the plaster cast was 

taken offe On the same day the pvnatient start- 

ed with exercises. On June 17, he was feverish, 
temperature rose to 40° C, On June 18, the wound 
was opened again, A moderate ouantity of pus drained 
off. On July 10, an incision was made asain on 
the outside, On July 14, a new strong abduction 
plaster cast was applied, The fracture was firm, 
Immediately the temparature, which had been low 
febrile in character during the last fortnight, 
sank to normal and remained stationary, On 
August 15, the wounds had closed,. The plaster 
cast was taken off, The patient took his exorcises, 
On September 4, the patient was discharged at his 
own request with a firmly herled fracture, He 
was, however, unable to move his left shoulder 
joint freely, 


While the wound of the bone healed firmly in due time, 
the development of the infection demanded a renewed treate- 
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ment of the arm with a splint. A spreading of the inflam- 
mation to the bone could be recognized by the strong 
Spotted calcium resorption with a sclerosis of the adja- 
cent parts, No sequestrum had formed, The nail was not 
removed as the paticnt did not come back again, 


The following case is particularly instructive as 
to the importance of the moment of the nailing, 


Te B., 37 years old, On May 13, 1942 the 
patient suffered a transverse compound fracture of 
the leg with a wound 3 centimeters in length, which 
was not very dirty. The place of the fracture 
was at a distance of 4 fingers width above the ank- 
le, The wound was covered with boracic ointment 
compresses and a moist bandage was put around the 
leg and a splint applied, 


On May 22, a wire extension was made under 
Fvipan-ether-anaesthesia, The wound eisch:rved a 
little secretion, The temperature Was normal, 
The swelling of the leg had decreased consicocr- 
ably. On May 28, the nailing accor“ing to “Ut NTeé 
SCHER was made under Evipan anacsthesia, On May 
29, the temperature rose to 39,2 C,. The patient 
had severe pains in the leg. On Nay 31, he had a 
Beptic fever. He was apathetic, On June 2, the 
temperature was still septic. The paticnt suffer- 
ed from jaundice, he showed motorial unrest and 
extreme apathy. On June 4, some thin greenish 
yellow pus drained out of the wound, The pate 
ient was given large. doses of Globucid (a sul- 
fonamide) for 5 days. On June 9, an incision 
te the right and left of the operation incision 
was made, rainage of all wounds was obtained, 
Apathy developed further. On June 13, the 
patient suffered from abscesses due to pressure 
over the coccyx and on the left heel, Wide in- 
cisions were made in the middle of the leg. The 
patient showed no interest whatever, A blood 
transufsi-n was given (350 cubic centimeter), 

On June 19, a blood transfusion of 400. cubic 
centimeter and on June 22,. another transfusion 

of 350 cubic centimeter were made, 2 Tablets of 
Globucid were given three times, On July 3, the 
gencral condition had improved, The temperature 
amounted to about 38 C, in the evening, Curdy 
pus secretion drained out of all wounds, The 

leg was severely swollen, The skin was blucish- 
red, The abscesses due to »vressure were as big 

as the palm of a hand, On July a4, necrotic viec- 
es of tissue peeled off, On July 2%, a blood count 
was made, the result of which was: 10 800 leucocythes, 
2,2 millions erythrocythes, 43% haeroglobin, 

The temperature was temporarily normal, after- 
wards it rose again to 38 (. On August 17, the 
general condition had improved, All the wounds 
were clean and had decreased in size. .On the 

leg ecurdy pus secretion still drained off, On. 
September 10, the gencral conditions were accept- 
able, The abscesses due to pressure had almost 


healed, The swelling of the leg had gone, All 
the wounds had healed except the two small ones 
on the outside of the thigh, out of which pus 
still drained, A new X-ray showed good posi-~ 
tion of the fracturs and only slight antecurva- 
tion, A strong formation of callus could be 
scen bridging the fracture cleft in the femur, 
The fracture cleft is still recognizable, A 
slight, spottiness could be seen, especially 

on the inside of the shin-bone in the lower 

two thirds (see Ill, 2), On October 18, the 
nail was removed, The fracture was clinically 
firm, On October 22, the supvuration had 
clearly decreased aftcr the removal of the 
nail, 


This was a case of a compound fracture of the lrg, 

which was nailed on the fifteenth day with a slightly secre- 
ting wound, Immediatcly a severely septic clinical 

picture developed, with jaundice, cnduring avathy, 

large abseccsses causcd by pressure and abundant sup»vurations 
on the leg, which recuired several incisions, The clinicol 
picture improved slowly, After 5 months the absecsses 
caused by pressure were hexling. All the wounds on the leg 
were closed with the exceotion of two small ones, which 
were secreting moderatcly, The swelling of the leg had 
decreased considerably and the wound in the hone was 
clinically firm with a good callus formation (I1l, 2). 

The nail was therefore removed after 5 months, Aftor the 
removal of the nail the secretion of pus decreased, 


The following case shows a consiccrably delayed callus 
formations 


* St., 64 years old, He had a compound 
comminuted fracture of the left lower leg, a 
transverse fracture slightly below the midele and 
a jagged comminuted fracture 5 centimeters below 
the tuberositas, The wound of the soft parts 
extends inwards and runs parallel to the shin-bone 
edge through the middle of the leg. It was 15 
centimeters long. The bone w2s widely exposed, 


The only possible immediate wound treatment 
was the use of av»vroximation sutures, During the 
mar’ ow nailing, which was performed under Fvipan- 
anaesthesia with an additional ether narcosis the 
fixation gave considerable trouble, as the middle 
fragment had to be strung on the nail, Then the 
nail proved to be a bit to thick, it jammed in 
the middle fragment and ecarried this piece of bone 
with it, and distally it did not obtain sufficient 
firmness, The nail had therefor:. to be cxtractecd, 
‘At that time we did not yet have the apparatus 
for removing the nails, During the attempt ‘to 
extract the nail with a lifting jack, the front 
edge of the tibia was shattcred, The nail was 
now struck out with an improviscd hammer and a 
thinner nail was introduced, The thinner nail 
fixed the distal fracture well, The proximal 
fracture was not adeauately fixed as the upper 
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end of the nail hid an insufficient hold in the 
bone, A plastcr cast was apvlied, 


From the day aft r the operation, September 
15, 1941, till September 18, several chills occur- 
red. Then the temperature, which was at first 
septic sank to normal by lysis following intra- 
venous Globucid (sulfonamide) injections, The 
swelling of the lee slowly subsided, On Septem- 
ber 24, when the suturcs were removed some turbid 
q exudate drained off, Later on tho wound, as well 
as the place whcre the nail had been introduced, 
discharged moderately, 


On November 7, the plaster cast was chanecd, 

The leg was still swollen, A pronounced edema 

existed. On November 21, a loose bone splinter 
] was removed from the wound. On December 29, the 
4 wounds showed no irritzation and were clean. The 
place of introduction of the nail had healed, The 
nail was free for 2 centimeters at the junction 
between the middle and the uprver third of the clean 
wound, On January 22, 1942, the nail was removed, 
The upper part of the nail was exposed by an ine 
cision for a distance of 10 centimeters, ft was 
lifted with lever and driven out without any 
trouble, No reaction sct in. During the follow- 
ing days the wound grantlated well, Onc of the 
two fractures or both of them were still a bit 
elastic, A plaster cast with a window was applied, 
On “arch 14, a slight secretion of the wound was 
observed, The paticnt got up with the plaster 
east. Threc days later the plaster cast had to be 
cut open because of severe swolling of the leg, 
On April 5, the patient had a temperature of 
‘0°: CG.) Phe leg was severely swollen, A wide- 
soread erysipelas existed. During the following 
four weeks the inflammation did not decrease in 
spite of Globucid treatment. The general condition 
of the paticnt grow considerably worse. On Avril 
13, a big subcutaneous abscess was drained, Aifter- 
wards the temperature fell and the swelling of 
the leg decreased, By June 11, the peneral con- 
dition of the patient had improved considcrably, 
The fracturcs were still clearly moveable, The 
X-rays shoed that on neither fricture had any cone 
siderable quantity of callus formed. The »osition 
of the distal fracture was satisfactory, The proxe 
imal fracture showed a bayonct-shaped dislodge- 
ment of the distal fragment in front and medially, 
The axial relation wa: satisfactory, The edees of 
the fracture were astonishingly smooth and without 
any callus formation (Ill. 3 


On October 2, the plaster cast was removed, 
The leg could bear woight without a plaster cast, 
All wounds were closed. Swcellings of a moderate 
degree still existed, 
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This was a case of a severe compound comminuted fract- 
ure next to the tuberosity with a transverse fracture be- 
low the niddle of the tibia, The wounds were dirty and 
could be treated only by approximation sutures, Owing 

to insufficient experience and bad luck the upper part 

of the nail had broken throvgh, The clinical picture, 
which was at first strongly septic, soon stabilized, 

The nail, which was visible to an extent of 4 centimeters 
at the bottom of the wound, was removed aftcr 10 weeks, 

Aft r the patient had got up temporarily, the clinical 
picture grow worse because of a severe abscess like 
erysipelas, 5 months after the accident, The fractures 

6 months after the accident were still elastic. The callus 
formation was much delayed, Although little callus could 
be seen then, 13 months later the clinical picture showed 
that the leg could bear weight asain, For some time we 
believed that an amputation would be necessary, 


9. W. J., a farmer, aged 60, Hospital ree 
port 2606/42. He was sent to the clinic on Jan 
28, 1942, “ith a compound fracture of the bone of 
the right leg due to his having been run over, The 
accident had happened 24 hours before, jt was a 
smooth transverse fracture of the bone of the right 
leg (including a fracture of the fibula), at the 
junction betwcen the middle and the lowe: third, 
The treatment was rendered more difficult by an 
additional large dirty flesh wound, which scemed 
to be only superficial, In the lower third of 
the leg a large haematoma existed, Under Evi- 
pan narcosis the marrow nailing was performed 
without difficulties, Owing to the very wide 
marrow canal the nail did not fix the lower 
piece of the fracture wuite firmly, a plaster 
cast with a window was anplied, lLatcr on the 
temperature was slightly irregular, Only once, 
however, did it rise to 39° C, The wound bogan 
to discharge and its surroundings began to swell, 
On February 7, it was unexpectedly found out that 
the soft parts, bruised when he was run over, had 
become necrotic down to the bone. The wound was 
now widely exposed to permit drainage for the 
beginning phlegmon, On February 28, the wound 
was again examined and a counter incision as well 
as drainage was mace, On arch 12, reddening 
and swelling of the place of insertion of the 
nail was observed, which had healed primarily 
before. After the incision a great oral of pus 
drained off. During the followins we-s the 
Suppuration was intensive at this place, It was, 
however, not so marked at the »rlace of fracture, 


On April 15, the nail was removed, as it was 
taken for granted that the nail was the cause of 
the suppuration, The supvouration decreased but it 
did not stop altogeth-r, It was sustained by 
necrotic ligament tissue on the tuberosity until 
the necrotic tissu*:s were excised, The ends of the 
fracture could still be moved freely, 
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Severe double fracture of the leg rs 
after removal of the nail, De- s 
layed formation of callus, X-ray 4 
taken 9 months aftcr the accident, My 
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On April 23, the patient's leg was treated 
by the traction method with an extension wire 


through the heel bone, to prévent 2a shortening of as 
the leg. 4 
In an X-ray of May 7, no callus formation a 
could be demonstrated, Instead of this a ring- a 
shaped seouestrum could be scen at both ends of 4 
the fracture. Secuestrotomy. The dead bone i: 
rings had not y°t become detached from the sound oe 
bone, so that they had to be removed by means " 
of LUEFR's roneeur, On May 21, the leg was am- z 
putated 12 centimeters below the knee at the Bs 
urgent wish of the patient, who wanted to be ee: 
able to walk again soon and to look after his is 
farm. The wounds remained open, Healing por . 
secundam. The patient was discharged with a : : 
temporary prosthesis at the beginning of July, . 
Macroscopic finding of the bone »roparation: : 

a 

After the removal of all the soft r2rts, the bone . 


of the leg does not show any strikine features . 
externally. With the exception of th above- ie 
mentioned place a layer of periosteum surrounds e 
the shin-bone, it adheres closely to it, and se 
does not show any changes or abscesses, 
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The place of fracture is merely covered by 
connective tissue. On cutting this tissue the scale 
pel grates, so obviously there must be 1re.s con- 
taining calcium or some remnants of bone, By mecns 
of a saw the bone is now opened in its entire length, 
Thereby it can be observed that above as well as 
below the place of fr2cture the proportion of com- 
pacta and spongiosa have remained regular, as seen 
by the naked eye. In the section it can be clearly 
recognized that towards the inside an obviously com- 
pact connective tissuec-like lining of the marrow . 
cavity is present, Then follows marrow which above 
as well as below the place of fracture is rather 
soft and which obviously was infected at the place 
where the marrow nail lay. The circumstances des- 
cribed are exactly the same everyvhere, 


In the cross sectioh a central formation of a 
hole, with a diameter of about 2 millimeters is 
present, It can be clearly recognized along the 
entire length of the marrow cavity, At the ends 
of the fragments next to the fracture the marrow 
is missing. Here int-rmediary connective tissue- 
like infiltration can be seen, It cannot be dee 
cided macroscopically to what extent it is «= growth 
of new bone, It is astonishing th2t with the cx- 
ception of the irregularities of the co pacta 
caused by the fracture the compacta is in a come 
pletely normal condition as regards outward appear- 
ance. The area of the spongiosa around the ankle 
does not show any peculiarity. No secuecstra ire 
found anywhere. Fverywhere very fine streaks can 
be recognized and no porosity or secoucstration can 
be seen anywhere, 


The condition of the soft prrts, shall not be 
discussed in this work, ? 


Examinations of the microscopic sections: They ‘ 
will first be made at the places of the fracture, later 
on other places will be examined, at a distance of f 
about 10 centimetcrs abova the place of fracture as well 


as cross sections, ; 


Microscopical findings at the place of fract- 
urezg The portions of the bone marrow lying most 
central no longer show any marrow tissue in this 
case, Hore we find principally a tissue permeated . 
by foci, consisting mostly of small cells but con- 
taining also some of a polynuclear character, Besides : 
mass-s of fibrin, numcsrous vessels with very delicate 
coats can be recognized in this tissue, which are 
partly distended and tightly fil'ed with blood, This 
finding is mace at those places which are situated 
next to the marrow nail, It is astonishing that 
only small concentrationso* the inflamratory cells 
forming the focus of supnouration can be found here, 
This tissue, which cortaines many inflam-otory foci, 
becomes a more and more typical crarulntion t:ssve, 
in which numerous histiocytes, which obviously store 
fat, can be found. This becomes more “istinct the 
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nearer one comes to the marrow periphery, 


- This gener2rlly loose cranulation tissue vra- 
dually changes into a more dense connective tissue 
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The microscopical picture 
Illustration #4 could not 
he reproduce® because the 
regative was no longer a- 
vailable, 


Illustration 4 


Fracture site of an open fract- 
ure of the leg with a central 
inflammation of the marrow, 


in which there are inflammatory foci principally 

as perivascular infiltrations of small cells, The 
vascular walls are thick. The inflammatory in- 
filtr-ztion clearly decreases in cuantity . Here 


we have the picture of a change of a centrally in- 
flamed marrow scetion vith a gradually more dense 2" 
connective tissue capvsule in the direction of # 


the periphery. In this capsule thrre are also 
large hyalinized areas, In the areas next to the 
edge of this capsule the formation of fresh bone 

in the form of marrow ca'lus can be recognized, ex- 
tending rather evenly right up to the place of 

the fracture. The newly -formed bone spicules show 
a normal construction, It is a case of endosteal 
marrow callus and intermediary callus, Close to 
this new growth of bone thrre is the zone of the 
tibia corpacta with a completely normal bone pict- 
ure, in which no pathological changes can be re- ey 
cognized, Wext to the place of fracture the ; 
HAVERSIAN-Canals are distended containing pcri- 
vascular situated cells in addition to a fine meshed 
structure of fibrin and vessels, In the slightly 
distended HAVFRSIAW-canals a rore or less distinct . 
bone formation can be observed, f 


Sharply serarsted from this compacta zone, a 
wide zone of closely applied periosteal bone is seen, 
Compact connective tissue appears at the outside, We * 
have here a case of veriosteal callus ,. 


Vieroscopical finding distant from the place 
of fracture: ‘%ssentially the same picture was found 
here in the microscopic section with the excevntion of 
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The microscopical victure 
Tllustration #5 could not 
be reproduced because the 
negative was no longer a- 
vailable, 


‘ 


Illustration § 


Formation of Callus in the 
‘peripheral marrow aistant 
from the place of fracture, 


the missing pe iosteal new bone formation as seen 
in the cross section, The above described pattern 
of tissue, howeve:, was much more distinctly se- 
parated from the inside towards the outride, The 
most central areas of the marror have changed to 
an inflammatory granulation tissue which is less 
firm towards the periphery of the marrow and 
becomes a compact conrective tissue cort, within 
which the areas of inflammation decrease more and 
more, In this case too, an endosteal new form- 
ation of bone of the shape of well-formed bone 
spicules can be otserved in the prripheral areas 
of this connective tissue coat, Then follows 
again the wide compacta zone ane the veriosteun, 
In neither of them could anythin s-ecial be ob- 
served, 


Summary, We found the picture of an inflan- 
wation of the central zone of the bone marrow, 
which was econfined to the former bed of the marrow 
nail, In the peripheral marrow secti*ns this 
inflammation was demarcated by the vranulation 
tissue in such a way, that a compact connective 
tissue coat had. developed, Only in the area of 
the place of fracture did the marrow stil! show 
marked inflammatory infiltration, Real abscesses 
covld not be found anywhere. In no case did the 
picture of a marrow phlegmon with a complete de- 
composition of marrow appear. The compacta and 
the periosteum were not affected by the inflammat- 
ion, Consideratle new formation of bone in the 
form of closely applied periosteal bone in the 
area of the fracture could be observed, There 

is also evidence of bone resortion. Principally, 
however, we observed a new formation, Interme- 
diary callus and marrow callus was formed, The 
lattcr was also formed at a distance from the 
fracture in the peripheral parts of the marrow. 
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10, R.E., a woman of 51 years, Hospital re- 
port Nr, 1608/41. The patient was sent to the 
clinic on September 30, 1941 with a compound supre- 
condylar fracture of the right thigh, About 10 
centimeters above the knee the proximal fragment 
of the femur was projecting for about 8 centimetors, 
On the front of the thigh the vatient had a deep 
wound in the soft parts with a diameter of bout 
1g inches. On both sides of the joint the outer 
layer of the skin was excoriated over a large area, 
The knee-joint was not visibly open. The extensor 
muscle was torn, 


A debridement of the wound wrs made and 
approximation sutures were placed,. Through and 
through drainage was provided for the big wound, 
The extensor muscle was sutured, The svicnule 
of bone projecting from the proximal fragment of 
the fracture was removed, Then the fracture was 
fixed and a marrow nailing according to KUBNTSCHER 
was made, This was done to prevent a dislocation 
of the distal fragment of the fracture, A plaster 
cast was applied, 


On the following day the temperature hod ines 
creased slightly, A hip spica.cast with a window 
was applied, A fortnight later a more active 
Suppuration and finally high temperatures rose, 
The gen-ral condition of the vatient was seriousl 
effected. Large doses of a sulfonamide (Globucid 
temporarily brought the temperatures down to sub- 
febrile ranges, In the meantime an X-ray examination 
on November 4, showed that the nail hac penetrated 
right into the middle of the knee-joint sevarating 
teh two condyles along a very fine fissure cxtending 
into the joint, wh-ch had not been recognized before, 
After the temperature had risen acain the wound was 
examined once more, The knee-joint was opened as it 
wos full of pus, On December 2, the clinical picture 
of the patient was septic and: the condition grew con= 
siderably worse, The thigh was amputated, On the 
following day the oatient died, The result of .the 
bacteriological finding was: haemolytic streptococci, 


Illustration #6 could not 
be revrocuced because the 
negative was. no longer a- 
vailatble, 


Illustration 6 
Open supracondylar fracture 
of the thigh with orswn-se-= 
euestrun of the proxinal cna 
of the fragnent,. 
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The above photo (111.6) shows the preparation of the 
amputation. The condyles of the femur which were split 
apart can be recognized as wel’ as the place of the trans- 
verse supracondylar fracture with a ring-secuestrum of 

the proximal end of the fragment which differs clearly from 
the rest of the bone by its white color, 


The microscopic section of the following ar as was 
examined: 


3 Parts of the form r place of the fracture with 
bone marrow anc th- bed of the nail, 


2 Cross sections of the part of the femur above the 
fracture, After decalcification with temotoxylin Fosin 
the preparations were dyed with sudan according to van 
GIFSON, 


Fibrin was formed at the place of the former fracture 
as well as a narrow marg:n of non-specific inflammatory 
granulation tissue, which showed clearly against a backe 
eround of close-and wide-meshed hyvereric marrow tissue 

containing perivascular infiltrati*ns of small cells, 


The cells of the reticulum had a relatively l2ree body a 


of plasma and small vividly colored nuclei, ‘nsice this 
reticulum there were obviously fat storint histiocytcs, 
Then followed a zone of newly formed bone spicules with 
clear osteoblastic edges, In addition to the edera the 
marrow tissue showed a strong hyperemia and a relatively 
high number of diffuse small cell-like structures as well 
as histiocytes, The number of polynuclear cells ws  =Iless, 


In the cross section of the th gh above the place of 
fracture, a small strip covld be recognized in the bed of 
the nail, composed of blood and masses of fibrin and in- 
termixed with inflammatory cells, Here the desien of the 

marrow hac disappeared, Then followed a rather sharply 

defined non-specific inflamratory granulation tissue with 
increasing amounts of connective tissue towards the peri- 
phery. This inflammatory cranulation tissve in turn changed 
into a loose granulation tissue, Finally close-and wide- 
meshed marrow tissue could be seen (fat islets) with more 
or less diffused perivascular small cell-like infiltrates, 
with minute hemorrhages and 2 surprisingly marked hyper- 
emia, This was surrouvded by the complctely normal com- 
pacta zone and the periosteum without any sign of an osti- 
tis or a periostitis, No progress of the inflammation 
through the HAVFRSIAN-canals and no abscesses ecnuld be 
seen, 


Summary _ of c2ses_ 9 and 10 


The course of the clinical picture and the anatomical 
examinations have proven that it was an osteomyelitie con- 
dition, which had aris«n as a result of compound fractures, 
The reason for the especially unfavoratle outcore of the 
latter case of a compound supracondylar fracture of the 
femur was that a mass-infection of the knee-joint hac arisen, 
Owing to a very fine fissure penetrating into the joint, which 


' was not recognized in the X-ray, the nail had entered the 


joint and had thus caused a wide open connection betvcen the 
infected place of fracture and the BERET JOLNG 
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In the other case we had a wide open fracture of the 
leg with a large wound of the soft varts, which could be 
treated enly 24 hours aftcr the injury. In both these 
cases the anatomical preparations are available, Thus we 
were able to examine the course of the inflammatory process 
in microscopic sections during a marrow nailing of com- 
pound fractures, 


All: the anatomical preparations show the game pict- 


ureof a highly demarcated inflammation in the bone marrow, 

The picture observed here differs from the more or less 

characteristic course of an osteomyelitis in other re- 
spects as well, The inflammation is confined to the place 


er fr-zeture. and to the bed of the nail, 


Also in these cases the development of ring or crown | 
sequestrations can be observed in the area of the placc of 
fracture, In the summary we shall give further particulars, 


Four cascs of osteotomies shall now be mentioned, in 
which bone infection devcloped, 


ils Ernst W., 20 years old, It was-a firmly 
healed fracture in a valgus position fol'’oving an 
accident in 1936, On January 6, 1941, the paticnt 
had an osteotomy with marrow nailing. A moecrate 
postopcrative gvppuration with a tcompercature of not 
higher than 38 C. developed. On Fcbru_ry 6, the 
well cleaned gaping wounds could be tr atcd with 
secondary sutures, A plaster cast with a window 
was applied. On March 28, the plaster cast was 
removed, The finding on X-ray examination was: no . 
callus. fhe fracture was clinically firm, The . 
patient started with walking exerciscs, After- j 
wards the infection increased. On April 12, 
another X-ray cxamination was made, The finding 
Was: no callus. On June 26, a r-section of the 
fibula was made. On August 8, the patient was 
discharged and had to come to the clinic only 
for ambulant treatment. Small fistulae showed 
on the wound of the ostcotomy or at the place 
of the resection of the fibula, On October 9, 
the nail was removed under Fvipan, On the 
following cays an infiltratine sup>ruration 
of the glands in the left groin devcloped 
associated with fever, On November 22, the pat- 
ient had to be discharvred because of lack of 
discipline. The fistulae menti: ned above were 
still there and were secreting slightly, 


After this the paticnt covld be examined 
no more, His office informed us that he had 
been called up for military service, 


In this case all the wounds ha become infected 
after an osteotomy of the leg and continued for 1. long 
period without affectine the cener2l condition cven 
temporarily. In spite of the fact that the X-ray did 
not svow any callus when the patient was discharged 
11 months aftsr the operation, the wound of the osteo- 
tomy was clinically firm so that it covld bear weight, 
6 months later W, was in the service, 
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2. Max J., 25 years old, He was sent to 
the eliniec on July 21, 1941 with a gurshot fracture 
of the right arm above the elbow, The wound heeal- 
ed after a prolonged suppuration, On January 26, 
1942 the pseudarthrosis of the arm above the elbow, 
which had arisen in the meantime, was exnosed, The 
ends of the bone were freshened. A LANE plate was 
put on. This plate was removed on February 24, 

On April 23, the ends of the bone were xgain 
freshened, They were united with two vertically 
lying wires which were introduced vertically into 
the marrow cavity. As the ends of the fracture 
were not firmly united by the growth of new bone, 
the wires were removed on August 21. A marrow nail 
was introduced into the marrow cavity from the 
proximal end of the bone, The marrow cavity 
distant to the body was opened vith a crown gim- 
let and in this way the fracture was treated by 
an internal splint by the use of the marrow nail, 


On the following days the »ratient had a. tem= 
peroture up to 40° C, The whole arm was swollen, 
Thin licuid pus drained off out of the operational 
wound near the fracture, for r2bout 10 days. A 
fortnight later the temperature slowly decreased 
by lysis to normal, The swelling of the arm dee 
creased too, 


Today (October i0, 1942) ail sirens of an 
inflammation have completely disappecred, The 
fracture is still elastic, 


This was a case of formation of 2 false ioint of 
the right arm above the elbow after > gunshot frocture, 
about three inches above the elbow joint. This false 

joint had been operated several times before, The 
suppuration after the operation affected the general 
condition considerably; however, it remained locilly 

limited, The formation of callus was poor, This is 

due to the fact that the ends of the fracture were 

not sufficiently freshened during the marrow nailing, 

We shall report about this in another place in connect- 

ion with other similar ceases, 


The next patient showed a very good callus formation 


during the first few weeks, However, the strain on the 


regeneration power of the bone was very sreat as a cone= 
siderable gap had to be bridged over between the pieces 
of the fracture, The callus formation stopped before 
this gap was bridged over, 


he S., Melanie, 20 years old, ‘hen a child, 
she had fallen on her right arm. Later on this arm 
was rather deformed, There was a limitation of 
movement in the elbow joint, O* January 22, 1°42, the 
patient had fallen again and suffered fracture of 
the stunted ulna, This fracture dic not heal, The 
patient was sent to the clinic in this condition, 


It was a case of a shortened very slender ulna 
with a pseudarthrosis about 25 inches below the el- 
bow joint. The radius ha’ developed normally and 
was at least twice as thick as the ulna, The head 
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of the radius was dislocated 2nd the racius was 
considerably long-r than the ulna it was situated 
r beside the elbow-joint, 


On March 23, a- resection of the proximal part 
of the radius was made, Then the cictal vart ef 
the radius was united with the better developed 
proximal part of the ulna by the marrow nail, ‘hen 
the nail was driven in, a gap betwe-n the radius 
and the ulna of about 2 centimeters persisted, which 
could not be closed, 


The next day the temperature rose to 39°C , 
The gencral condition of the patient was bad, At 
first the wound did not show any veculiarities, 
Afterwards an anemia up to 55% Haemoglobin and 
2.8 millions red blood-corpuscles developed, while 
the temperature continued to be as high as 39° C, 
The wound which had been opened during the first 
few days discharged moderately, The temporary 
pronounced swelling of thse area decreased slow- 
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The general cordicion inereved slovly as a 
result of a iarge dcse or Glooucid (sulfonamide) 
and of biocd transfusions, The terneracure, how- 


ever, remainec normal only aft-r Bay 1. 


“On May 14, and even better on Jun: 9, the 
X-rays showed a very good callus formation (Ill, 7) 


Illustration 7 re 


The cleft betwecn the two fracture pieces was part- 
ly bridged over, Afterwards the formation of 
callus did not make any further progress, The 
place of fracture was still elastic, On October 
20, the wounds were closed, 


It was-an infection combined with injurious effect on 
the general condition of the »atient which had arisen 
after the proximal end of the stunted ulna had been 
united with the strongly developed radius. In svite of 
the infection the formation of callus was at first so 
considerable and uninterrupted that a cleft of 2 cen- 
timeters between the two pieces had largely been bridged 
over by callus as early as 8 weeks later, Later on, 
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q however, the formation of callus stopped so that even to- 
Fy day (Yetober 20, 1942) there remains a cleft bet-vecn the 
; two bones, which moves slightly in spite of the nail, 


: 14, Kurt K., 34 years old, At the age of 6 years 

; the vatient hac fallen from the fourth floor into the 

‘ street. Both femurs wer: broken, The right femur heal- 
ed well, while the healing of the left femur was delayed 


: considerabiy, The knee-joint could not be fully extended, 
When the patient was sent to the clinic at the beginning 


The femur was 7,5 centimeters shorter, IJ: the X-ray it 
could be seen that the old fracture, about 4 inches above 
the knee-joint, had healed firmly while the fracture 
pieces had been pushed past one another and this had caus- 
4 ed a considerable shortening, The knee-joint could not be 
a extended beyond 130°, 


of March 1940, the left leg was 12 centimeters shorter; 
; 


On March 9, an osteotcmy was performed, During this 
the back wal! cf the distal piece broke out to a large 


extent so thet tae nait covld net rind any proper grip, 
For this reason a steel huna ves prt around the fract-= 
ure, This op-ration was ciff.eust and tvok a long time, 

(a Durifie ste first few wes's che weund seereted little, 

Later on the secresion “nerearc’. Gn fpr+l 99,it had clos.. 

e@, The petier? nie n° terpe:r:tuts.  Is+ plaster east aror’ 
the leg which 4523 »neern applied ¢efe2r tae operation was thee 
Feplaced by «= hir 3n71¢c2 cast, Or, Mar 4% he wound opened 
again, The patient couolainss ¢* severe pain in the left 
Rnee=joint. In tne clinical feicsuve no snvolvement of the 


joint by the inflanmnation could ve *emonstrated, 


On September 9, the nail was removed, as_it was con- 
sidered possible that the severe pain in the leg and in the 


knee-joint might be due to the nail, Duting this process, 
little pus drained off at the place of introduction of the 
nail, the wound of which had healed per primum, The 

fracture had not yet healed firmly, In the X-ray it could 


be seen thrt the pice of bone which had broken out of the 
back wall was connected with its orisinal bed by a large 
formation of bone, No callus formatien could be Been at 


the gee of the osteotomy. A ring-shaped secuestYum 
could be recognized between the pieces of the fracture, 


On October 15, the leg was amputated at the place of 
fracture, as the general condition of the patient had grown 
considerably worse and the value of the leg with its restric’. 
ed extension in the knee-joint had been reduced anyhow, and 
no callus formation could be observed at the place of fract- 
ure, 


In this case an osteotomy was performed be- 
cause of a shortening of the thigh caused by an 
old fracture, As the rear cortex had broken out, 
a firm supvort had to be obtained for the nail by 
ring-shaped steel band, The wound dischargelly 
While the piece broken out was connected with its 
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original bed by a broad bridge of bone 3 months later, 
the place of fracture did not show any callus formation 
even 7 “months later. A ring-shaped secuestrum had form- 
ed, As the value of the l-g had been reduced anyhow by 
its delayed growth and the restricted extension of the 
knee-joint the general condition of the patient grew 
st-adily worse, ashe complained of severe pain and 
finally no kind of a callus formation covld be rcecog- 
nized at the place of “racture, the le~ as a: vutated 
at the level of the fracture after * months treatrert,. 
The wound healed slowly, 


Recanitulation 
We have described 14 cases of hone sup uration 
of various kinds and degrees, which arose in simple and 
compound fractures of the shaft as well as in osteotomies, 
In all these cases a marrow nailing was verformed, 


A biased chserver might casily be inclined to attri- 
bute the development of infection iin all these cases to 
the use of the big nail, Viewed under she clinical 
aspect, how ver, in all these cases the unfortunate course 
Cannot . by any means be regarcec a surprising or re- 
mMarkable in ary way, at least witn rega:d to the com- 
pound fractur2s, the exposed fractures aid to the orteo- 
tomies, After all even a simple fracture may show a 
long delayed healing process with complic:tions of 
different ‘kinds, 


Of course it is »nossible that an infection night 
arise even in cases of percutaneous marrow nailing .of 
Simple fractures owing to unfortunate circumstances, We 
have, hewever, mentioned -n the beginning how seldom 
this hapvens, Only the three cases, which wa have 
described in detail, show a serious development, In 
the first case a sup»vuration of the hematoma of the 
fracture with a pyemia arose, starting from a suppur- 
ative injury to the knee-joint on the other sive, Jn 
the second case an infection d-velovec at the lace of 
introduction of the nail ‘ith a subsecvent suvn»vuration 
of the place of fracture after a difficult marrow nail- 
ing, which was performed late, on the seventh cav of 
treatment. In the third case there arose a sunouration 
of the fractur- and of the ankle with a general vycnia 
Subsecuent to a supvuration of a fistula at the place 
of introduction of the nail, From the technical point 
of view the operation itself was very simple in this 
case, In eur hospital reports this observation has been 
the only one of its kind so far, It would certainly be 
a mistake to reject a nev method of treatment, with 
which excellent experiences were mace in other resvects, 
on account of such rare observations, It should be pointed 
out in this place, too,that on the other hand many 
Operative reductions can be avoided by marrow nailing, 


In considering the different covrse of the dis- 
ease in these several cases it might have struck the 
reader that a high temperature with a correspondingly 
bad general condition followed the marrow nailing. These 
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general reactions are certainly not due to the marrow 

| nailing itself, for they often may be observed in the 

fy case of far easier operations, as for instance after 

a simple reduction by use of a wire extension, and 

after applying a plaster cast, When surveying all our 
cases Of marrow nailine we must state that these gencral 
reactions subsecu-nt to an operation of the bone are 

far less frecvent in cases of marrow nailing than in 
cases of other methods of treatment, Similar observations 
were also mace in other ouarters, as FHALT for example 
pointed out recently, 


In cases of osteotomies and compound fr2cetures the 
reason for these effects is obviously to be found in 
the fact that we have to deal with more or less numerous 
bone necroses caused by.the absence of >ceriorteum, They 
are a good culture medium for bacteria. ‘The injuty to 
the marrow obviously plays a far less ivnortant part 
7 in this case. This point of view is tonfirmed by the 
A examinations and observations concerring the resistance 
3 of bone marrow to infections, as was vointed out *‘n the 
q beginning, In this connection it is interesting to 
learn that, according to FHALT, the supnuration starting 
from an infection of the fracture site even with badly 
infected fractures extends 1 to 1+ centimeters into 
the bone marrow at the most, . 


But what about the marrew nailing if an inf:ctien 
of the fracture or of the place of the ostcétomy arises?, 
Does a progressive infection of the marrow develop arovnd 
the nail with all its unfortunate effects, in short: 
Does a traumatic osteomyelitis or ostitis develop in 
this way? 


We can examine this cuestion bv means of the 
development of two »articulzrly severely infected 
cases. We refer to cases 9 and 10 which we have 
described in detail, a compound fracture of the lower 
leg with a large wound in the soft parts which was not 
treated until 24 hours after the accident, and a com- 
pound supracondylar fracture of the femur, in which 
a severe infection of the joint followed the entrance of 
the nail into the knee-joint alon~ a fissvre which 
had net been recognized in the beginning, 


The anatomical preparations show a stronsly cerar- 
cated inflammation in the bone, No mass infection of the 
marrow with sup>urative decay affecting the conmnacta and 
the periosteum developed, The victure of the infection, 
to be observed here, differs from the more or less 
typical development of an inflammation of the bone 
marrow in other respects, Apart from the place of 

. fracture, the inflammatory proces‘es ar- here limited to 

q the bone marrow, In the bed of the nail the bone marrow 

3 had decayed supvpuratively and we find an inflammatory 

q granulation tissve, which is highly permeated by hemorr- 

7 hages and cells of inflammation. tn its marginal zones 
this granulation tissve shows an organization of connective 
tissve, which is steadily growing stronger towards the 
periphery, In this way a compact connective tissue 

coat develops. This is shown quite clearly in case 9, 
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Near the corticalis we here find moreover a newly formed 
bone plexus. Distal to the place of fracture on the 
corticalis and the periosteum notning astonishing is 
found, “ There is no sign of an ostitis or periostitis, 
In the area of the fracture too the signs of a limited 
inflammation are clearly seen, In the microscopic 
sections ohe can also recognize a well constructed 
intermediary callvs and p riosteal callus (case 9 and 
10) which covld not be demonstrated by an X-ray, Also 
in the clinical asvect the fracture was not firm, As 

a result of limited inflarmation -n these two cases we 
see finally (as in case5) ring-or crown-secvestra 
developing in the arca of the fracture: This fact snould 
be stressed particularly at this place, 


As a general rule, this form of secvestrvr can be 
5 
observed neith:-r in the case of an inflammation of bone 
marrow nor in one of suppurative fractures, There is 


obviously no doubt that the development o* these 
sequestra was caused by the marrow nailing and at the 
coincident infection, By the acctdret itself, by 

the haematoma or by the supvuration the periostcum of 

the fracture hac been li*ted off from the bone. If the 
marrow is then injured by the nail and the infection, the 
compacta must decay, as it is now no lonrer novrished 
naithe: from the inside nor from the otttside. The con- 
ditions for a development of this co+called ring+se- 
questrum are particularly found following a marrow 
nailing and the ring seovestrum may th-refore properly be 
called a typical injury due to nailing. By way of com- 
parison we would remind the reader of the ring* or crown = 
secuestra which arise in cases of arputations whore the 
periosteum is stripped off too far on the outside while 
the marrow inside is removed too freely witha currette, 


ae 

When we supplement these findines obtrined by ana- 
tomical examinations with the rest of the hospital 
reports concerning cases of infectirns, we can picture 
to ourselves the development of an infection on the 
bone with marrow nail inserted into the bone as follows: 


If an infrction arises in cases of closed fractures 
which happens only very rarely - it usually causes 
only a mild, locally limited supouration of th- vlace 
of introduction of the nail, .The sup uration coes not 
extend to the bone marrow, In some exceptional cases 
an infection due to unfortunate cirenmstances (as for 
instance severe injuries, difficulties in fixing the 
fracture and so on) may penetrate deeper along the marroy 
and may thus apvear as a suppuration of the hematoma of 
the fracture, of the ends of the frarm-nt, or of ioints 
adjacent to the affected place, A picture of vyemic 
condition, as shown in case 3, may be regarded as extreme= 
ly rare, 


In the cas’:s of an operative treatment of fractures, 
a case which has become very rare bv the improvement of 
the marrow nailing method, as well as in cases of com- 
pound fractures and of osteotomies, one can observe an 
extension of the inflammation to the marrow corresvond- 
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ing to its high sensitiveness with regard to an infect- 
ion. The inflammation, however, remains usually limited 
to the-bed of the nail in the marrow, The high immuno- 
biological qualities of the bone marrow, observed by 

the specialists mentioned in the beginnin-e, can be 
confirmed again here. It was to be feared thit in 
complicated cases an acute massive inflammation of the 
bone marrow effecting the comvnacta ane the periosteum 
might arise, if the nail is driven in, as it rencers all 
parts of the marrow accessible to the germs, This is, 
however, surprisingly enough not th- case, The marrow 
Shows a pronounced tendency to demarcate the bec of the 
nail cuickly with granulation tissue, which soon changes to 
connectinve tissve anc envelops the nail, It is 

only in the area of the fracture site that a secvestratinrn 
thatismextension to the corticalis and the periosteum 
can be found, Here several small-sized ssouestra may 
occur, obviously accor’“ing to the degree of the infection 
and the extent of the r-veated injury (two cases), or 
Mnail-specific" ring-shaped seauestra may dev-lop (three 
cases), The tissue of the corticalis and of the »eriosteun 
not surrounded freely by vous reacts by forming sufficient 
callus after the removal of thése Secuestra, Recently 
EHALT also directed gencral attention to the sup»uration 
of the place of introducti-n of the nail and of the place 
of fracture combined with cccasional separation of small 
sequestra, 


In discussing the cuestion of callus formation in 
Our cases we are going to use the results of our examin- 
ation of microscopic sections arain, In case 9, the 
preparations showed an endost:al and periosteal callus 
formation after the removal of the crown seouestrum in 
the zone of the demarcation, In the clinical and in 
the X-ray picture this covld not be seen, However, 
ae 1% Was a case of a fresh callus with well forned 
oSteoblasts, it is probable that it would have in time 
grown more firmly, This observations shows that even 
in cases of svuppuration of long duration an? of an in- 
serted nail the new formation of bone dcovs not cease, 


In all other resvects the callus formation varied, 
as was to be expected, 


In four cases the callus formation was pronounced 
(case 2, 4, 5 with crown seauestrum and 7), it was nor- 
mal in two cases ( cases 3 in the beginning, now a spotty 
Calcium dislodgement, case 6), in three cases it was de- 
layed (case 8, 11 and 12) and once it was very ivtense in 
the beginning and ceased later on (case 13); finally three 
times in cases of the format*on of secuestra, amongst 
them two crown seouestra durin the tire of observation, 
(8,14 and 29 weeks,, which could not be recognized in the 
X-ray. After a period from 5 to 51 weeks the fractures 
were clindeally firm, The following chart gives the de- 
tails: 
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Cas Location of Secuester -Callus forn- removal | Fracture 
the fracture - ation, of the nail : firm af- 

Bachata bsg tuein eda Sol x iach llip enki mics aoe waded i Y) eeme: 
Pl ¢ leg = tibia ‘ . > : 

2 thigh < femur ¢ very good 5 weeks 5 weeks 

le 0 ood i,the 

{ 5 . pee ear pee 34 wecks 6 wecks 
4 leg (+) very geod 16 weeks -16 week: 
. 7 leg 0 goed 21 wecks 21 week: 
5 thigh geed 26 weeks 26 week, 
= 6 arm above el- ae ; 
4 bowehumerus 0 normal not renmov. 5 wee! 
8 leg (+-) delayed 10 weeks S51 week, 
11 leg 0 delayec 37 weeks 37 week: 
12 arm abeve el 
: bow =humerus 0 delayed not remov, ? 
3 forearm ) delayed not remov, me 
9 leg + + ceased 14 weeks amnputs 
wu thigh + + ceased 25 weeks amputs 
10 thigh + + ceased -/- amputat 


In all these cases, which were observed for a long 
time, no pseudarthroses arose, Case #13 is suspicious 
in this respects, as the formation of callus did not make 
any further progress in the end. We have eur doubts about 
this case, for we had to make the experience here that a 
thin nail for the forearm with only one bone (the second 
was missing) near the joint is not able to create the favor- 
able mechanical conditions necessary for healing; 


The fact that a formation of cal’us did not set in, in 
the beginning is closely connected with the often observed 
delayed callus formation in cases of compound fractures, 
(BOERMA,LAUCHE, GOETZE,) for which local causes are respons- 
ible. The main cause, however, will be found in the infect- 
ion, Also the absence of the hematoma which drains off 
considerably in case of a compound and exposed fracture, 
is regarded as the cause of this delayed callus formation, 


It is, however, still an open cuestion, if andin 

hew far the nail is of influence on the nev form:tion of 
& pone in case of a discharging fracture, As can be seen 
a 4 in the chart the findings in this respect vary. In all 
eur cases, which were generally serious, the irritation 
produced by the foreign body varies with the irritation of 
the inflammation. It might be difficult to decide which 

of the twe plays the more important part. It may be inter- 
esting in this connection that XOENIG and FICK do not ascribe 
any harmful effect on the callus formation to the foreign 
bodies, They are of the opinion that the irritation pro- 
duced by the foreign body first caused an increased absorpt- 

ion of callus while later on it stimulates an increased form- 
ation of the callus, 


. It should be mentioned here, that we could observe the 

A _ fine tissue-like formation of callus around the nail as well as 
— the formation of fresh endosteal and periosteal callus in the 
area near the fracture as well as in the area distant from 
it,.in case 9, a compound fracture of the tibia, 
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One might supvose that a firm formation of bone (a firm 
bony he-ling) might still have resulted, Incidentally, 
KVENTSCHER ascertained in his experiments performed on 
animals, an extremely intensive endosteal bone formation 
caused by the influence of the nail, KORFLSCH made simi- 
lar obsexvations, He saw marrow bone developing around a 
V2A-wire rod which was inserted sidewavs., The cuvick sta- 
bilization of the simple nailed fracture is first of all 
based on the fact that particularly favorable mechanical 
conditions are created by the marrow nail, Above all, 
lateral dislocation is eliminated so that the pressure 
which stimulates the callus formation can develop fnlly,. 


Generally the same mechanical conditions prevail 
in case of a compound nailed fracture, The infection, 
however, prevents the development of these forces, Under 
special circumstances it demands treatment with a splint 
as a matter of course from the very beginning. Thus carly 
movement of the broken limb otherwise made possible by 
the inserted marrow nail, a condition stimulating the 
callus formation, will not be possible, Obviously 
differences in 2°¢ play a certain part in these casos, as 
we can see for instance in case 5, an operatively treated 
fracture of the femur of a boy 7 years old, In this case 
a quick and intense periosteal callus formation rose by 
which the fracture cleft was closed, in spits of a severe 
supouration and the development of a crown scouestrum, 


The above mentioned observations and experiences, 
not entirely based on a uniform method of treatment, 
which were gained in the course of the trial of a new 
method of treatment, enable us in the end to give infors 
mation on some ouestions of practical importance, 


The cases of compound fraeturss which can be nailed 
will first of all have to be carefully sclected, as 
KUENTSCHFR has algo vointed out recently, in everv case 
fresh fractures wn-ch are not too contaminated, Older 
fractures and those which may have Lecome infected alrcady; 
seem to be unsuitable for this trcoatment, 


The surgeon unskilled in marrow nailing operations 
should treat only the more simple cases in the beginning, 
and should only attempt to treat such complicated cases as 
his expcorience increase6, 


The Clinic at Kiel obtained good results with the 
marrow nailing of compound fractures (and ostcotomies), 
Recently EHRLICH and FHALT also revorted very favorable 
results, 


The surgeon who decides to make marrow nailinegs of 
osteotomies and of compound fracturcs must first of all 
See to it that all soiled, cirty wounds are subjected 
to a careful debridement or if this is impossible that 
they remain exposed. All inflamned parts must be opened 
widely, It is the method of marrow nailing in particular 
which now offers such an opportunity in cases of bone in- 
juries, 
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In no case should the marrow nailing be done several 
days after the injury has occurred, This is clearly shown 
by case 7 with its severe clinical picture following the 
late marrow naiiding, 


If possible marrow nailings should be performed imme- 
diately after the injury. If the general condition of the 
patient prohibits such an operation during the first 8 to 
12 hours, the marrow nailing had better not be performed at all, 


The cases of HEIM, shown by KUFNTSCHER, during the session 
at Vienna in July 1942, 2 fracture of the thigh and one sun- 
shot fracture of the arm above the elbow, proved that a marrow 
One can well imagine that the nailing will be early endured by 
the patient, if the body can dominate the sup»vuration and the 
inf-ction has reached the so-called "cold state", 


Also in the case of a primarily healing fracture, a sunpue 
ration might under special circumstances develop at the place 
of insertion of the nail or at the place of fracture or at both 
places some weeks latcr, These sup»urations remain locally 
limited anc no pro ressive inflammation of the marrow with a 
severe sequestration is to be feared. After 2 wide exposure 
ofthese accumulati-ns of pus, the nail acts as sort of crain, 
in the channel of which the pus can drvrin off (see case 9), 


If possible, the nail should be left in its place 
till the firm healing of the bone, although the sovere 
supouration might arain and again tempt the surgeon to 
remove this big foreign body. In cases 4, 7, and & the 
supovuration was of long curation and intense. In case 
7 a strong involucrum as well as ring seauestrum formed during 
an intense suppuration around the nail, so that the 
nail was removed only after a firm ‘ony healing, as men- 
tioned in the other cases above, 


In case 8 the severe suppuration stopnped, The nail 
with its center pviece even projected out of the wound, 
which slowly got smaller, It wax removed only because it 
gould not fix the upper fragment. As the supvuration 

was very severe in case 9, the nail was removed premature- 
ly after 12 weeks, Similar was the course of healing of 

a compound fracture of the femur which we nailed outside 
the clinic and which was badly dislocated after the re- 
moval of the nail (10 weeks after the nailing). This 
fracture healed in a had position, 


A suppuration may decrease after the reroval of the 
nail (see cases 7 and 9), the suppuration also decreases, 
however, in cases where the nail is still fixed in the 
bone, 


The diadvantages of a premature removal of the nail 

are above all the fact that the fracture is vroved, 
furthermore’ a renewed shifting might crise under snoecial 
circumstances and the inflammation misht be reactivated 

or increased on account of this mobiligntion. ‘ie h-ve 
therefore reached the conclusion that the nail should 

if possible, not be removed until the firm bony h-sling 

of the fracture, The me@l will be reroved only if threaten- 
ing goneral symptoms should arise, that is if a lone and in- 
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tensive suppuration sets in, #11 this, how’ver, has to 

be specially decided in each individual case, It is not 
advisable-to remove the nail after some wecks, as the 
suppuration is in such a case maintained only to an unim- 
portant extent bv the nail, 


If possible, seouestra and the sometimes developing 

crown sequestrum should remain until a complete demarcation, 
Also in cases of an inserted nail their removal will be 

easily managed. The furthcr process of healing is not af ected 
by the development of a crown secuestra, as case 5 shows, 

Small sequestra are without impertance, they can easily be 
removed, i 
The fixation of the fracture pieces guaranteed by the 
marrow nail plays an important part, especially in cases of 
an infection, since an adcitional plaster cast would de- 
prive most of the important advantage of accessibility te 
all areas and on all sides, which is necessary for the ear- 
ly operative trcatment of suppurations, 


In acdition to the above mentioned treatment a plaster 
cast may be applied for the first cight days under special 
circumstances, in order to keep all joints in the area 

near the fracture in a resting vosition,. The most imvort- 
ant thing, however, is the "inner splinting! and thcrefore 
the fixation of the fracture by the marrow nail, This cane 
not be obtained by any other method of treatment and repre- 
sents a highly irportant factor in fighting any inflammation 
in the case of an infected fracture. 


 BOERMA 
 BORDASCH 


A.W. FISCHER 

A.W. FISCHER us MAATZ 
q AeWe FISCHER us REICH 
FICK 


_ GOETZE 


- GROGON 

_ HENKE-LUBARSCH 
_ KIRSCHNER 

_ KOELSCH 

_ KOENIG 


_ KUENTSCHER 


_ NORDMANN 


_ LEXER 

- LOOSER 
 TEICHERT 
~RAISCH 


=320 


BIPUIVUERAP HEH Y 


Arch.kiin.Chir. 176 (1933) :666 

Dtsch.Z Chir. 253 (1940). 

Mschr .Unfallhk 47 (1940)Zb1.Chir. 
19h42,47 

Wien, med. Goce Juli 1942 

DtesoneZsChirs. 218 (1925). 

Kongr. de Dtsch.Ges.f.Chir.Berlin 19}. 

Arch.klin.Chir. 1943 

Zoli. Ghirs 1943, § 

Arche orthop. chir.28 Hoe oO 

Archéklin.Chir. 148 (1927): 

Chirurg 1927 

Hdb.d.spezipath.Anatomie Bd Ix, 3 

Chirurg 1941 

Dtsch.Z.Chirs246 (1936) :641 

Die Chirurgie der Knochenbrueche 
Berlin 1931 

Chir.Kongr. Berlin 1940 Zbl.Chir. 68 
(1941):857 Chirurg 1942,6, 
Zb1.Chir. 1942,47 

Kongr. d.Dtsch.Ges. i, Chir.Berlin 1940 

Lehrb.d.Allg.Chir.Bd.I.1934 

Schweiz med. Wschr.58,6:125 

Zbls Chit. 192k 

Wien med.Gese Juli 1942 


From Pee surgical Clinic ‘of ee University of Kiel 
(Director: | Prof. Dr. A.W. FISCHER) 


‘ 


HOW GREAT IS THE DANGER OF OSTEOMYELITIS WITH 
“MARROW NAILING OF COMPOUND FRACTURES? 


by 


\ 


‘Prof. Dr. A.W. FISCHER and Dz. HORST REICH 


\ 


\ 
with 6 illustrations* 


*The microscopical hu. 
could not be reproduced. 


Reprint ftom 


ZENTRALBLATT FUER CHIRURGIE, 1943, Nr. & 


' 


Edition; Johann Ambrosius BARTH in Leipzig 


printed in Germany 


# 


Translation prepared by 


of Military Government for Germany (U. S. ) 
Office of Naval Advisor 
Medical Section 


At the Congress for the German Society for Suneeent 
in 1940, the method of marrow-nailing of fractures of the 
tube- bones developed by KUENTSCHER was announced. In the 
: two years since that time this method has been tested in ~ 
a many clinics, and the publications and reports which  ~ 
consider it to be an ideal method continue to increase. — 


ae This new method of treating fractures is quite dif- 
ferent from other methods of operative treatment of frac-_ 
tures used previously. The fracture-site does not have 
to be opened. The KUENTSCHER-m#il is introduced into the ; 
a marrow-cavity at a distance from the fracture through a © 

a small stab incision. The fragments are strung (as pearls 
_ On the naii. The shape of the mail. correspornis to the shape df t ; 
& marrow cavity, and its cabkiber is chosen according to the.diameter a 

a the morrowcavity., This gives an excellent fixation of the | 
a ends of the bone so that the shearing effects, which ~~ 
= prevent the development of callus, are oliminated. i 


In 6 out of 200 cases we observed an infection at the e 
.- place of insertion. There was a mild inflammation of a 
4 local character while the nail was in a recumbent pera 


row cavity. 


ae After the KUENTSCHER-nailing was proven quite satis- 
factory in the cases of closed fractures of the shaft, this 
tod: was used for open fractures as well. This decision © 
was a very responsible one as there were many factors pa 
nO: be considered. 


| ‘The certainty. of an exact repositioning and of a 
@ firm fbxation of the fragments resulting from the use of 
' the marrow-nail were factors which are generally acknow-_ 
 ledged as favorable for defense against infection. Be- 
cause of this we considered the use of the method as an 
a acceptable one in open fractures. Furthermo:'e, we re- — 
membered that the marrow of the bone shows little ten- 
j dency to.become infected according to the lnvestlantions 
of LOOSER, LEXER, W.MUELLER, ERB, and BORDASCH, and that 
the marrow obviously possesses considerable resistance. 
Finally we expected to achieve a more rapid union in i 
good position, and thus better success, ‘combined with a 
more rapid course of healing than we are ordinarily ac- | 
customed to observe in cases of infected fractures. mm 


Our main question was: How does the infected bone- _ 
marrow, in the case of compound fractures, react toa | 
large foreign body as represented by the marrow-nail? ; i 
Does a progressive infection of the marrow develop around ~ 
the nail with all of its disagreeable consequences? In © 
short, does a traumatic baie can Cia or an ostitis arise 


/ 


To a certain degree we could use the expericnce 


metallic forcign bodies were introduced. This method ree 

_ characterized by the use of a nail of small dA.aens Loe 

as compared to the marrow-neil, and which either not at 
“Tiayeee or (only Barty ale rine the marrow-cavity. ae use 


of reali foreign bodies has been warned against, eSs- 
specially in cases of severe infections. In cases of in- | 
fected fractures GOETZ recommended that any foreign bodies 
be as small as possible. Generally, the degree of the “ 
infection caused at the time of the injury was the de-- fei 
cisive factor determining the operative or clinical treat- — 
ment of the fracture. This rule was not suitable for an 
absolute indication in every case. The course of an ines ue 
fection does not only depend on the quantity of the germs 
introduced but it: depends as well on the special kind. 


aa 
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Because of all these: considerations it can i con- 
cluded that the marrow-nailing of complicated fractures © 
should be regarded as something quite different and shoul. 
not be compared to the earlier methods of treatment. : 


\ In the beginning there was no possibility fora ae 
decision as to whether or not the new method would be Buh of. 

a progress, and we could do nothing but make experiments 
with men, groping step by step. Otherwise we could not — : 
form an a: an | 


: 
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a MAATZ ahd REICH will report about later. In the seers 
i work we shall report three observations as being especial ae 
a ly important for the study of the extension of an int poate 

tion in the case of marrow-nailings. 


i 


a Case 1: R.E., woman, 51 years old, ioepihads a 
4 report Nr. 1608/1941 Age 


me She was sent to the hospital on the 30th of 
- November 1941, with a complicated supracondylar 

a fracture of the right femur. The proximal frag- 

= ment of the fractureifemur jutted out about & centi- 
| meters, at a place about 10 centimeters above the 
a knee. On the front side we saw a deep wound in the 
4 soft tissues about an inch in diameter. On both side 
of the joint there was an extensive abrasion of the 
skin. The knee-joint was not exposed so that it hee 
a - gould be inspected. The extensor muscles were da- | ii 

4g maged. | 


Excision of the wound and approximation sutures, 
Drainage of the remaining cavity to both sides. 
Sutures of the tendons. Freshening of the bone and 
of the proximal fragment which juts out. Repositio 
of the fracture and marrow-nailing (KUENTSCHER) to © 
prevent the angulation of the distal fragment. 5 
Plaster cast applied. ee 


During the following days the temperatures ine ae 
-oreased slightly. We made a cast with windows a- — 
round the hips. We saw a more intense suppuration 
after a fortnight, finally high temperatures, an _ 
intense disturbance of the general conditions of 
the patient. Following large doses of "Globucid" >. 
(a sulfonamide) the temperature temporarily decreas di. ok 
- +to subfebrile values. In the meantime a control eh 
- X-ray on November 4, showed that the nail had pene- 
trated into the middle of the knee-joint, separatil 
_ the two 1 ohral veal rae Lenten Madea: a ee 


’ 


line which extended into the joint and which was © 
not observed previously. Revision of the wound after " 
anew rise of temperature. The knee-joint, which | 
had become infected was opened on December 2, _ be- 
cause of a Septic clinical picture with a consider- 
ably worse ganeral condition. Amputation of the 
femur. On the next day: exitus. 


Bacteriological finding: Hemolytic streptococci. 


Tllustration could not 
be reproduced 


Ill. 1. shows the post mortem specimen of the 
amputation. We can see the separated femur-condyles 
and the place of the supracondylar transverse frac- 
ture with a sequestrum - in the shape of a ring or 
a crown - at the proximal end of the fracturo. This 
sequestrum was clearly distinguished from the on 
vie of the bone by its white colour. 


The following lok sch aeastat were examined micro- 
scopically: 


1. parts of the fracture-site with bone marrow 
, and nail-bed, 
. 2. cross-section of the femur at a place above 3 
. the fracture. The preparations were stained according © 
3 to the technic of vanGIESON with sudan after they had 
| been decalcified with hematoxilin eosin. 


b At the fracture site (nail-bed) we find fibrin and ~ 
| a Small zone of non-specific inflammatory granulation- 
tissue which is very clearly differentiated by a hyper-— 
emic marrow-tissue of large and small meshes, with ars 
perivascular infiltrations of small-cell character. 
In the reticulum, the cells of which have a large 
plasma-substance and small intensively stained nuclei, 
: we see large, obviously fat storing, histiocytes. 
4 Adjacent is a zone of newly-developed little slivers 
. of bone with clearly marked lines of osteoblasts. 
: The marrow-tissue here shows intense hyperemia and 
relatively numerous diffused, small-cellular elements, — 
j edema, and large histiocytes as well. The poly- 
; nuclear elements are less numerous. 


4 In the cross-section of the femur hoes the At 
place of the fracture we see in the nail-bed a small 
stripe consisting of blood and masses of fibrin, both 
of which contain celis of inflammation. Here the 

marrow-structure Bas been lost. A distinctly out- 
lined, non-specific inflammatory granulation-tissue 
lies adjacent. Finally we see marrow-tissue with ameee 
and large fat-isléts with more or less diffuse small- 
cell perivascular infiltrations, smaller haemorrhagic Me 
areas and extraordinarily intense hyperemia. Ad- © 
jacent is the completely normal large compacta zone . | 
and the periosteum without signs of an ostitis or 
periostitis. There is no extension of the inflam- 
mation through the canals of HAVERS and there are no 
abscesses » 


Microscopical view on 
could not be reproduced ee. 


_ Ill. 2, Cross-section of the femur. No marrow- 
phlegmone Inflammation limited to the former nail- 
bed. } 5 


Case 2: W.J., peasant, 60 years old, hospital 
report Nr. 2606/1942. me 


He was sent to the hospital on January 28,1942, 
with a complicated fracture of the right leg as a 
consequence of having been run over. Accident 24 \ 
’ | hours before. A Smooth transverse fracture of the | 
| right tibia (with a fracture of the fibula) at the sf 
junction of the middle and the lower third. The case — 
_ was complicated by a large dirty wound of the soft Rats 
parts, evident only on the Surface. Great hematoma 
in the lower third of the leg. Under evipan-an- ‘i 
-aesthesia the marrow-nailing is performed without 
difficulty. As the nail does not fix the lower frag- _ 
; ment firmly enough, a cast with windows is applied. ~ 
i Post-operatively the temperatures are irregular, ia 
: but they rise only once to 39 degrees (Celsius). hn 
The wound begins to suppurate, and the adjacent parts — 
Swell. On February7we see to our surprise that the 
soft parts having been damaged wher run over, have 
become necrotic down to the bone. Now follows a 
large excision of the wound in oruer to expose the 
beginning phlegmon. 
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q | - February 28. Once more revision of the wound 
with a counter, incision and drainage. 


Sg el ans 


I March 3. Reddening and swelling at the place © 
of insertion of the nail which primarily had’ been 

> well. AS a consequence we see a very intense sup- 
_ puration at the incision which continues in the fol- © 
lowing weeks. It was less intensive at the fracture 
site. mS i 


/ 


April 4. Removal of the marrow-nail in the 
helief that it maintained the Suppuration. The si 
Suppuration decreases but does not stop completely. — 
It is maintained at the tuberosity by hecrotic ten= © 
dons. This lasts until the necrotic portions are 
excised. The fragments can still be moved freely. 


April 23. Wire extension through the calca- 
nous in order to prevent a shortening of the leg. 


| May 7. The X-ray picture does not show any 
formation of callus. On each of the two ends of ; 
the fracture, there are ring sequestra. Sequestro- — 
tomy: The dead bone-rings had not yet been ci. 2 a 
pletely marked off by the healthy bone so that they — 
had to be removed by the use of a LUER'S rongeur. 


As the patient was very impatient and anxious oe 
.( to be healthy soon in order to work on his farm, and — 
>. considering his wishes, we agreed,:on May 21, to an. 


amputation of the leg, 12 centimeters below the . 
knee-joint. The wounds remained open. Recon-— 
) valescence per secundam. With an auxiliary pros- 

thesis he was released at the beginning of July. | 


3 Illustration could | ae 
not be reproduced. i 


ee: Ill. 3. Complete fracture of the lower leg 
after removal of the nail. Crown-Shaped seques- 
trum. 


Macroscopic examination of the amputated bones 
preparation: When all soft parts had been removed ~ 
the tibia did not show any peculiarities on its out-— 
: Side, except at the site of the fracture. Up to 
7 that place the sheath of the periosteum envelops 
the tibia smoothly arid does not show any extra- 
ordinary elevated areas or abscesses. 


The fracture site is bridged over only by ee 
connective tissue. When we cut into this tissue _ 
with a knife, we hear grating,so evidently bone- 
4 residues or calcified parts are present. The bone 
3 is now opened by means of a saw for its entire ae 
4 length. We see that above as well as below the sito. 
of the fracture the compacta and the spongiosa have 
4 remained normal in so far as we consider the sur- © 
face, In the preparation we seu clearly that to- | 
werd the inner parts and toward the marrow- cavity 7a. 

the compacta is lined by a layer 3 to 5 milli- ae 
meters thick of uneven connective tissue. This 
lining is continued by a rather soft marrow above. 
t as well as below the fracture. The bed of the a 
' |. nail in the marrow-cavity appears completely Sup-_ ‘ 
-  purative. The same appearance is found in all 
areas. 


= In the cross-section we distincly see a cen- 
tral hole with a diameter of 2 millimeters for the ~ 
- entire length of the marrow. At the ends of the 
a fracture the bone-marrow is missing; here we find 
a intermediary depositions having the character of on 
. - connective tissue. We cannot decide, macroscopic- — 
= ally, how far the formations of bone extend. It | 
ae is extraordinary that the compacta on its surface, 
-. ShowS a completely normal constitution; aside from 
the irregularitics of the compacta caused by the fis 
fracture. . The area of the SPORE OSG: adjacent to 


_ and nowhere are thereany sequestra. Everywhore Waal 
i recognize formation of small slivers, and nowhere © 
is there an increased porosity or formation of sexi 
questra, 


; We do not propose to discuss the conditions of 
the soft parts in this article. 


. Microscopical view 
could hot ie reproduced 


eat te Fracture- site of a. complete fracture 


Microscopic examinations of the tissue: We oxamin- 
ed the fracture-sito:; further We oxamined various 
places for a distance of about 10 centimeters above 
the location of the fracture in cross-sections as 
well. The preparations were treated as mentioned 
above. 


. Microscopic analysis of the fracture-site; 
The marrow tissue iS missing from the central zones. — 


Here we find a tissue markedly infiltrated by small- 
cellular and also polynuclear inflammatory olements. 
In this tissue we also recognize numerous, partly 
enlarged vessels with a smooth membrane complutely 
filled’%with blood, and masses of fibrin. This ex- 
amination has to be made at the places which are 
directly in connection with theumarrow-nai]. It is 
extraordinary that here we find only a Small con- 
centration of the inflammatory elements related to 
the formation of suppuration-foci. This tissue, 
ropresenting a granulation-tissue containing in- 
flammatory elements, changes more and more - the 
closer we approach the marrow-periphery - intosa i 
typical granulstion-tissue in which we find numerous — 
histiocytes obviously storing fat. nN 


This granulction-tissue which in general is 
loage, changes into a connective tissue becoming 
more and more compact. [In the latter we find the 
inflammatory elements in the form of perivascular 
infiltrations of predominately small-cellular 
character. The vessels have thick membranes 
here. We find a distinct decrease in the amount 
of the inflammatory infiltration. Here one finds — 
theppicture of a demarcation of the marrow-parts, 

inflammed in the central portion with a capsule 

of connective-tissue becoming more and more dense 
towards the periphery. Inside this capsule large 
areas are hyalinized as well. In the marginal- 
zones of this capsule we recognize the formation 

of new bone with the character of marrow-callus. 
This picture is Much the same up to the site of 

the fracture. The small new-formed slivers of bone 
show a normal configuration. We are dealing with 
an endosteal marrow-callus and intermediate callus. 
Adjacent to this bony substance we sec the zone of 
the tibia compacta with a completely regular bone- 
formation, and there are no pathological modi- 
fications. Directly adjacent to the fracture-site 
the canals of HAVERS are enlarged and contain 
small-cellular elements situated perivascularly. 
Besides, they contain a small-meshed frame~-work | 
with fibrin and vessels. In some canals of HAVERS 
we observe a more or less distinct formation of 
bone. 


There appears a large zone of periosteal de- 
posits of bone in a considerable contrast to this 
compacta-zone. In the direction toward the outside 
we See a dense connective tissuc. Here we are 
dealing with a periosteal callus. 


at 
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Microscopical view 
could not be reproduced. 


Tll. 5. Formation of callus in the peripheral 
marrow area distant to the fracture-site 


Microscopic analysis at a place aistant from 
the place of the fracture: in respect to the micro- 
se@opic: .¢haracter o @ tissue we generally have the 
same inpression in the cross-section, except that 
the periosteal reconstruction of bone is missing 
here. A small difference is that the single tissue 
structures described above show, in the direction 
from the inner parts to the outside, a much more 
distinct differentiation from each other. The most 
central parts of the marrow have changed into an 
inflammatory granulation-tissue, which gradually 
becomes more and more loose and changes to a dense 
layer of connective tissue, in which the celis of 
the inflammation are less common. [In the zone of 
the periphery of this layer we find, here too, 
distant from the place of the fracture, an endosteal 
reconstruction of bone in the form:of well-defined 
small slivers. Adjacent to this we find again the 
large compeacta-zone and the periosteum. Neither 
showseanything unusual. 


Recapitulating, we have the impression of a 

suppurative inflammation of the central parts of the 

one marrow being restricted to the area of the for- 
mer nail-bed. in the peripheral part of the marrow 
this inflammation has been demarcated by granulation 
tissue so that a dense layer of connective tissue 
has developed. Ohly in the zone of the fracture 

site docs the marrow show a more intense infiltration. 
Nowhere do we find a real abscess, andYin no case 
does the picture of a marrow-phlegmon with a total 
estruction of marrow appear. Compacta and peri- 
osteum have not been affected by the inflammation. 
An active reconstruction of bone, in the sense of 
a periosteal deposit in the area of the fracture, 
can be seen. We alsofind a dissolution here, but 
chiefly we observe reconstruction. There is a for- 
mation of inermediate and marrow-callus. The latter 
is also fonmmed at some distance from the fracture, 
in the peripheral part of the marrow. 


In the cases about which we have reported before, 
we were dealing with complicated fractures with intense 
infections. The third case we have to discuss, differs 
from these. Here we had to expose the fracture-site be- 
cause of the interference of muscles laying botween the 
broken bone-ends; and an infection had developed. The 
clinical course of this case and the resulting obser- 
vations are, sc-to-speak, a continuation of the above 
observations. Therefore we describe this case as well. 
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Case 3: W.K. boy, 7 years old, hospital re- 
port Nr. 3436/1941 


: This boy was sent to the hospital on March 20, 
1941, with a simple transverse fracture in the middle 
of the right femur. On March 24, we performed a 
marrow-nailing by exposing the fracture-site, as 

@ non-operative reposition had no success due to 
the interference of muscles between the broken 

; bone-ends. He had a third degree burn on the left 

4 thigh due to the heat from the X-ray tube. Later 

on the temperature increased. We considered this 


to be caused by the inflammation brought about by xg 
‘ the burne a Py 
i April 9. The patient was sent to the Schleswig- 


hospital (a mental hospital). (He was a Mongolian 
. idiot). On May 9, the patient was sent back to our © 
‘ clinic as a large abscess had developed on the isner 
: side of the right thigh. It was opened widely and 


q drainage followed. May 31, the X-ray showed that vie Seat 

q there was no sequestrum to be seen. After the 

temperature had been temporarily irreguler, the 

. suppuration became less intensive. We found hemo- ra 
lytic streptococci. A cast with windows at the hips ~ 


was applied. In the following period there was sup- 
puration of two fistulas on the outside and inside 
of the right thigh. On September 23, we made a ye 
X-ray picture; In the area of the osteotomy a se- <a 
questrum in the shape of a ring or a crown, nearly i aa 
as large as a chestnut could be seen. The adjacent 
parts of the bone were atrophic. Round the se- 
-questrum we found a distinct large periosteal for- 
mation in the form of an involucrum. November 7: Ua 
sequestrotomy and removal of the nail. Wwe had to : 
deal with a sequestrum in the shape of a cylinder, 
and we could remove it without difficulty. A cor- 
respondingly large cavity remains. November 14; 3 
once more revision. On March 9, 1942; The wounds 
have closed, except for small fistulae. The frac- 
ture was stabile. OUr patient got up on March 15, 
a and was sent home on: April 11 with a very small ay 
a | fistula located on the side of the thigh, which was 
q secreting very little. sare 


Recapitulation: | | _ 
We are here dealing with osteomyelitic conditions 


as the clinical course and the anatomical investigations 
show. Twice these conditinns have arisen 28 a con- 
Sequence of infected and complicated fractures. In the 
third case such a condition w:s the result of an infection ~ 
of the exposed fracture-site. We must seek.an explanation © 
for the especially unfavorable course of the first mention-_ 
ed case concerning a complicated supracondylar fracture 
of th femur. We point out that there was a massive in= 
fection of the knee-joint when the marrow-nail penetrated 
into the joint by way of a small fissure, which we had Sea 
not recognized on the X-ray picture. Thus it created a 
_wide-operm communication between the infected fracture 
Site and the knec-joint. | 
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In the second case therewasa complicated frac- 
ture of the leg with a large wound of the soft parts. 
This fracture wes treatcd only 24 hours after it had oc- 
‘ curred. Whilst in the fitst case we had a period of 
- nine weeks for observation, we could observe the se- 

a cond case for a veriod of five months. The anatomical 
preparation in the second case was removed.3 weeks efter 
a the treatment began. 


a In the third case we were able to observe the pro- 
F cess of healing for 13 months. In the last case we can 
judge only by the clinical results. In both the forser 
B eases we have the anatomical preparations at our dis- 

: posal. These enable us to study the course of che de- 

4 velopment of the infection in cases of marrow-nailing 

a of complicated fractures by microscopic methods as well. 
% A predudiced observer would be prone to make the large 

nail responsible for the course observed. 


q From a clinical standpoint alone the disagreeable 

a course of the cases is not at all an unusual one, as they 
concern two difficult and complicated fractures and in 
the other, a compound fracture. These are cases in which 
an unsatisfactory course is not at all surprising or re- 
markable. It is only the use of a new method for the 
treatment of fractures by means of a large metallic 


- foreign body introduced into the marrow-cavity, which 

4 makes these cases remarkable inxa scientific respect. 

a AS a common factor of the anatomical preparations 4 
i we mention the impression of an intense demarcatin : 
a inflammation in the bone marrow. There has not been any © 
a Massive marrow phlegmon with a Suppurative decomposition 
4 oe 6 marrow. | | 
4 Also the impression which we get here differs from 
4 the more or less typical course of osteomyelitis of youths _ 
in other reppects. Here the inflammatory processes are 


a restricted to the bone-marrow, without any relation to 
q the fracture-site. In the nail-bed the bone-marrow is 
decomposed by an infective process. Here, after nine 
weeks in one case and, still more distincly, after 13 7 
weeks in the other case, we find an inflammatory granul- 
ation-tissue which is intensely infiltrated by haemorrhag- | 
ic areas and cells of inflammation. Inside its peri- he 
pheral zones this granulation-tissue shows more and more | 
intense organization with the character of connective- Bon 
tissue. Thus a solid layer of connective-tissue develops ~ 
at last, es is demonstrated in quite an impressive way 
a by the second case. This layer is characterized by By 
= its showing the formation of new bone {marrow-bone) with > 

am a frame work like character in those parts adjacent to 

a the corticalis. We cannot observe any peculiarities 

3 of the corticalis or the periosteum at a distance from — 
-s the fracture-site in either axwmacroscopic or @ microscopic — 
a Bespect. There are no signs of an ostitis or of a peri- 
ec ostitis. Also in the area of the fracture we find very 

i distinct signs of a demarcated inflammation. Besides, | a 
the microscopic preparation sho..s here a new intermediary 
and periosteal callus of a well-formed constitution Rhee 
(case 1 and 2). In the roentgenographical respect, case ! 
3 shows an intense periosteal new bone formation at the 
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fracture-site. In the two former cases (1 and 2) the 
roentgenogram did not demonstrate this callus. In the 
clinical respect the fracture-site was not fixed in 
case 2. We have seen in all three cases, that in the 
area of the fractures, sequestra in the shape of rings 
or crowns developed as a consequence of demarcating 
inflammations. This fact must be considered as an inm- 
portant one. 


In general we do not observe such kinds of se- 
questra either in cases of osteomyelitis or when we 
have to deal with. an infected fracture. There cannot 


be any doubt about there being a relation between the 


development of the sequestra and the nailing, and, at 
the same time, the infection. The periosteum of the 
ends of the fractured bone was removed either as a di¥* 
rect consequence of the accident, or by the hematoma, or 
aS a result of the suppuration. In addition, if the 
marrow is damaged by the nail and by the infection, the 
compacta must perish as it is no';longer nourished from 
within nor from without. These conditions of the de- 
velopment of the ring-shaped sequestra are particularly 
apt to exist in cases of nailiings; and therefore we can 
consider the ring-shaped sequestrum to be a typical 
evidence of damage by the nail. Making a comparison 

we draw your attention to the ring- or crown-shaped 
sequestra which appear in cases of amputations, when 
the periosteum is removed too far on the outside and 
when the marrow is curretted away too much inside. 


The microscopical preparations, which we have ob- 
tained after the crown-sequestrum had been removed 
in case 2, show endosteal and periosteal formations 
of callus in the zone of the demarcation. Since the 
microscopic examination shows we are dealing with new 
callus with well-formed osteoblasts, we are entitled to 
believe that there would still have been a consolidation. 
In all casawe missed an early ftymation of callus, and 
we consider that a relation exists between this fact 
and the retarded formation of callus which we observe 
in other cases of open fractures. We have to consider 
the infection to be the main cause for this. BIER and 
MATTI believe the absence of the hematoma, the greater 
part of which drains out in cases of open fractures and 
operative treatment of fractures, to be responsible for 
this fact. : 


There is really only one question, whether the mar- 


row-nail being a foreign body, had hindered the formation ~ 


of callus or not. In the described cases there is a 
Simultaneous occurrence of an intense inflammation and 
the influence of the foreign body, and therefore we 
cannot decide the question precisely. Speaking about 
this we consider it interesting that KOENIG end FICK do 
not agree to the conception of a disadvantageous effect 
of foreign bodies in respect to tho formation of callus. 


They say that the irritation of the foreign body first- 


ly produces a more intense decomposition, but then an 
intense restoration. 
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J As to the above-mentioned formation of marrow- 

. callus ih zones of the marrow adjacent to or distant 
from the fractures, we call your attention to the ob- 
servations 6f KUENTSCHER concerning his experiments 
with an intense endosteal formation of callus as a 
result of a foreign body in the marrow. There is still 
another observation of KOELSCH that is of interest. 
During his experiments he observed the formation of 
marrow-bone round a wire introduced into the marrow- 
cavity. Of course, it is difficult in our cases, to 
separate the irritation of the inflammation from that of at 
the foreign body in respect to the formation of callus. o> ae 


3 Thus we can say,the remarkable fact in the case of | i 
F marrow-nailings of infected fractures is as follows; ie i 
It is true, that an infection of the marrow develops, a 
eS ut 1t remains restricted to e nail-bed of the marrow. | bee Ta 
P © authors, mentioned avove, have observed important eh 
‘ qualities of an immunifying-biological character which 
: the bone-marrow possesses; and we find such observations 
y. again proven true here. We feared that in complicated Bigs 4) 
cases there would be an acute and massive inflammation ns Ue 
‘ of the bone-sarrow with an invalvement of the corticalis “eae 
and the periosteum, when the nail is inserted, for the 
nail opens the way to all parts of the marrow for the 
suppurative agents. We were very surprised to see that 
there is not such a 6onsequence. The marrow has a de- 
finite tendency for a rapid demarcation of the nail-bed 
by granulation-tissue; and this envelops the nail quick- 
ly while changing into a. connective-like tissues. A se- 
questration, and thus an involvement of the "corticalis" 
and the periosteum is to be found only in the area of 
the fracture-site. Here it can - just as described - 
cause the formation of ring-shapéd "nail-specific" se- _ 
questra. The tissue of the corticalis and the periosteum, 
which are not involved in the infection, react with an 
intense formation of callus after the sequestra have 
been removed. 


iM We are not entitled, however, to consider the dis- 

a cussion of the details of these three cases, to be suf- 

iM ficient to form an opinion that marrow-nailing in cases 
of complicated fractures is without danger. To prove : 
this will be the task of MAATZ and REICH, who will report in 
tha@ir work announced above, about the experience con- / 
cerning the nailing of such fractures» The present work 
shows clearly that the nail can remain even in the event 

of an intense suppuration. When the fracture-site is suf- 
ficiently wide open, it acts as a kind of drain ana the 
Suppuration is drained out by the channel of the nail. 

The irritation of the inflammation plays an important 

role in the process of decomposition and restoration. 

The marrow nail surely does not produce a decrease of the | 
bone-infection but does show advantageous qualities as 

we already heave aiscussed. In case there are ring-ses. 
questra they may be removed without difficulties after 
their demarcation. 
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support that the patients can again resume work within 


from pain when using the limb, the possibility to use the | 


‘not be afraid of an infection in the case of simple frac- 


The ‘results and advantages of the maerowenas hete “ 
method. according to KUENTSCHER, at first proposed chief- 
ly for transverse fractures in long tube-bones, were so 
convincing that it was very soon aaopted for oblig ue and 
Spiral fractures too, The clinic at Kiel now advocates. 
the point of view that every fracture that is suitable © 
for the procedure, should be nailed and we share this 
opinion based upon our experiences. 


The principle of the method is the closed reduction 
of simple fractures. The marrow cavity is opened at a 
place some distance from the fracture site, the nail is 
inserted through it and driven into the distal fragment 
under X-ray control. The fixation of the fragments is | 
so stabil that in most cases an .additional fixation dress- © 
ing is not required. After 2 or 3 days the patients start. 
motion exercises, and can stand weight bearing after 1 to © 
3 weeks. ae 


By early motion a stiffeningof the joints is pre- fs 
vented with certainty, and the care during convalescence © 
is rendered much easier. Even when the fracture has not — 
yet achieved a bony healing the nail gives such stabil 


4 to 6 weeks after the operation, according to their 
occupation. The early use of the limb and the fact that 
the nail prevents any lateral displacement and any bend- — 
ing effects while it enables all those forces which as- 
Sist the resboration of the fracture to bccome effective, 
favors the formation of callus and simplifies the treat-. 
ment, and the healing of the fracture. The being free © 


limb very early and to go back to work after a comparativ 
ly short time exert a very’favorable psychic influence 
on the patient who gets rid of the feeling of having been 
severely injured. woes: 


» fhe risk of the method is practically small. As they 
is no need to expose the site of the fracture one need 


tures. Infections have indeed occurred in the place 
where the nail was inserted, but they have never caused — 
a marrow-phlegmon or suppuration at the fracture site 
itself. The aails consist of V2Aa~steel and are always ! 
removed after the fracture is healed. ‘Therefore no . 4h 
damage due to the metal need be Rabe aaad disturbances of 
the-oallus formution have tobe fouret', such as occurred i 
the recently employed method: of pore ates ivory or tone 
Splints,. because the nail does..not. fill the marrow cavity. 
completely, by reason of tts: shape'and it touches the peri- 
osteum at not more than 3 small lines. Beles 
The technique of the method will not be explained 
here, but we want to point out particularly that it is 
absolutely necessary that the complete instrunentariuat — 
is eee Lethe. | 
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' the method has another advantage: 


ed pseudarthrosis, 


‘advantages-of the nailing method for the trestment of | 


if the position of the fracture is satisfactory, if 
. angulation and shortening is overcome, no nailing 18) 
wcehcehaete it. more gehen, & weeks ete has Rena Bes 


. All transverse, oblique,and spiral fractures 
of the long tube-bones are suitable for nailing if 
they are located far enough from the joint ends of 
the bone so that the nail obtains sufficient fix- 
ation in the fragment. In case of the femur this 
distance has to be not less than 7 to 8 centimeters 
in the leg and humerus, 4 to 5 centimeters. Linear ; 
fractures and spiral fractures in which the fracture 
cleft reaches close to the joint-plane arennot Suit- 
able as the bone is liable to burst because of the 
nail pressure from the inside. Furthermore, in these 
cases the nail does not obtain sufficient stability 
and would need an additional supporting cast or Tap © 
A third fragment, however, is not of in- is 


splint. 
portance; if it is tube-shaped it will be held by 
the nail, if it is separated it usually will lay on 


closely, but one has to be careful in these cases 


not to use the limb too early. 


The absolute fixation obtained without using 
casts along with the mechanico-biological conditions 
are favorable for callus formation and make the : 
stabile osteosynthesis advantageous over other cag 
methods even when the site of fracture itself has ; 
to be opened, as is necessary in an osteotomy done 
because of a badly healed fracture; in this case | 
“Tt is not necoss— — 
ary to remove the periosteum from the bone, but two — 
new surfaces are produced with saw or chisel and the 
marrow cavity is opened with the drill or awl. 


Even large masses of callus adhering to the 
fragments will be left in the close vicinity of the 
osteotomy site. It is an important material for 
bone reconstruction and favors the healing in ad- 
dition to the mechanical conditions. Exposing the es 
site of fracture simplifies the technic considerably. — 
The extension apparatus necessary for the treatment 
of the closed fractures and an X-ray instrument are ; 
not needed, as tho nail is inserted into the distal 
marrow cavity while visible in the open wound. ee 


. In cases of delayed callus formation and old, 
inadequately restored fractures nailing is proposed 
only if the fracture has been immobilized long i 
enough so that one may properly speak of a threaten- _ 
or if the position is so faulty: 
that no satisfactory functional result can be ex- 
pected. One has to remember that the connective 
tissue union of the fragments causes much difiiculty 
in the replacement without operation, and that the 
insertion can even be made impossible if connective | 
tissue plugs the distal marrow cavity. In this case — 
it may be necessary to,expose the site of the frac- 
tuvo and thus the hazard of infection is increased, © 
During the war, much more frequently than in peacce- 
time, it-is necessary to decide on this matter in 
small hospitals and in this circumstance, the definite 


Simple fractures, iday lead to erzonediis — decisions in 
old fructures, it the hazard and difficulties of this 
operation are not sufficiently considered. ‘Therefore, 
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accident in cases of leg or humerus i'ractures, if more 
than 5 weeks in cases of fractures in the femur. No 
neiling is advised even when the fracture is still mov- 
able and when the X-ray picture does not show eny callus 
formation. <A sufficiently long period at rest leads in 
those cases to good results, as was particularly pointed 
out by BOEHLER. 


In any case of old fractures one should try to ob- 
tain results without exposing the fracture. For this 
means it is necessary to mobilize the fracture widely witl 
force. It is not sufficient to juse the extension tech- 
nique; if the fibula is already healed in leg-fractures a 
it has to be separated either with an operation or if | Bo 
necessary broken by means of an osteoblast. In this way, 

. however, KUENTSCHER and ourselves have always been able ae 
to perform the nailing subcutaneously even in fractures 
: older than 2 months. But the difficulties are consider- 
: able, even with the technically simplest kind, namely the 
| nailing of the lower leg. 


In case of genuine pseudarthroses, the reasons for 
their occurring e healthy bones are mechanical ones 
(except in the infected cases), according to the present 
day point of view. The stabile osteosynthesis has ad- 
vantages over other:methods because of the favorable 
mechanice-biologic conditions for formation of callus 
created with this method. 


Exposing the fracture site cannot be avoided as the ae 
injured tissue must be removed and the marrow cavity haS 
to be opened. The slight damage to the periosteum, which © 
has to be removed from the bone for only a short distance, 
and the possibility of maintaining the callus are inm- 
portant factors for the reconstruction. In any case it 
is important that the nailing may be performed in poten- 
tial or actual pseudarthroses even when sequestra or 
fistula exist. Thus it can be done at a time during which 
no BECK drilling or splint-procedure would be possible. 
Our own and the experiences in the hospitals in our area 
have proven this fact. The experiences concern ll frac- 
tures of the humerus which were either still draining or 
the wounds of which had been closed for only a few weeks, 
‘12 gun-shot fractures of the same kind, and 8 gun-shot 
fractures with fistula and sequestrum-formation. Among 
the latter ones was a 2 year old defect-pseudarthrosis a 
with a small sequestrum, which has separated 14 days be- ieee: 
fore, and a persistent fistula. We were able to obtain ay 
good results without opening the fracture after the 
fitula was severed (at some distance from the pseudar- 
throsis). . 
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It has been widely discussed, whether fresh com- ‘A 
ound fractures can be treated with an osteosynthesis <« 
With plate or wire besides the surgical wound-treatmunt. cae 
FRITZ KOENIG and his followers always had the opinion 
that theemaintenance at rest, in addition to the osteo- 
synthesis, is a greater advantage in the defense against 
infections than the disadvantages (as they say) of the 
insertion of the foreign body. The fixation with the eae 
marrow nail is much better, may even be so good that tho ~~ 


i commonly mecessary plaster-cast can be avoided. There- 
fore we employed this method whenever possible, even in 
4 cases of compound fractures. The technique is consider- 
= ably simplified by the fact that the intervention is made 
3 while tho fracture site is visible in the open wound. Aes 
As a matter of course all the general rules for the treat- 
ment of open fractures have to be carefully observed (OSs. is 
pecially drainage of the hemorrhage and most careful ‘x 
Surgical cleaning of the wound). It is also very possible © 
that in compound fractures infections cen occur where the > 
nail is inserted. This event happened to us only once. 
The number of patients treated by ourselves is 
small and even KUENTSCH&R hes reported on only 3 
cases, but EHRLICH (Zbl. Chir. 1943) has treated 
more than 40 compound fractures with tho KUENTSCHER 
nail among them even femur-fractures. In all these 
cases no infection occurred which extended along the 
nail inside the marrow cavity, and the results were G 
good. Of importance is the fact that all of EHRLICH'. ~ 
cases were from the mines, and included for a great 
part considerable damage of soft~parts and soiled 
wounds. HOWSVGR: it sometimes happened: in these 
cases that an infection or sequestrum occurred at 
[the fracture site, but it was never observed that 
a marrow-phlegmon had formed, nor was it necessary 
to remove the nail. It was an important considerati as 
that bony healing was always obtained. 
EHRLICH, recognizing that it is an advantage 
to place the injured limb at complete rest, was the — 
first one to have the courage to nail a severely | 
infected fracture of the femur (Zbl. Chir. 1941, 1378). 
Then ZELL at the Air-Force HospitalgRerik nailed Get a 
severely infected gun-shot fracture of the femur 
and not énly saved the limb but probably also saved 
the life of the patient (Zbl. Chir. 1943). 
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In a hospital of our srea the author Lee a gts 
one severely infected fracture of the femur , ang “i. ae 
his private practice two similar fractures in the 
humerus with the KUENTSCHER nail. In all these 
cases the temperature was elevated for a short time 
after the operation, but the general condition of 
; + the patient grew better very shortly. After the — : 

nailing, the patients were completely free from pains 
4 and the care for them was very much simplified. In 
{ all cases bony healing was obtained, even if some 
! small sequestra have been Separated (in the frac- | 
ture of the humerus, with extensive tube-abscessesS 
up to the arm-pit). Naturally it has to be expected ~ 
in cases of infected fractures, that under special “ 
circumstances the infection can be mobilized. as itoe 
curred to HARTMANN. in the case..cf a fructére tanths (mu me: 
An elysipelas developed and sequestra tormed in the 
site of the fracture. The result was good even in | 
this case. It is not decided as yet whether the use 
of Marfanil-Prontalbin powder in the wound is favor- 
able for the defense against the infection. We ae 


believe this procedure can be advised. 
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ly endagered, pecaust the -TELIine Tron the cistal end does. ' 


not obtain such a stabil fixation by the nail as in cases 
of the femur or the tibia. The marrow cavity of the 
humerus is extraordinarily wide in its proximal half, i 
and cone-shaped, therefore the nail does not obtain suf- 
ficient fixation. It has to be driven into the spongy a 
part of the neck and becomes loose after a while. In that 
way, even by the weight of the arm, the fracture-cleft 
becomes wider and thus permits motion. We could observe 
this in compound fractures (as EHRLICH) in two cases. 
Therefore we performed the operation for fractures above — 
the middle of the humerus from the upper end of the bone. — 
The nail is driven in from the lower end of the crista _ 
tuberculi majoris. The tip of the nail clamps firmly in 
the marrow cavity which is of conical shape with the tip | 
‘ towards the elbow. The upper part of the nail obtains 
| a firm fit because it is held on one side in the arill- 
hole of the bone-corticalis, and the other side lies is 
close to the opposite wall (This technique is described 
im’ Zbl. Chirs«. 1943). Sid 


As a matter of principle, as plaster-splint cast 
Should be applied in all cases of infected Pecekuane 
(such as a fresh compound fracture) until the infection 
hazard is overcome or at -least is under control. 
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The results now available show,However, that the 
nailing operation is permissable even in severely in- 
fected fractures. But caution must be taken thet the 
operation is not undertaken without very careful con- 
sideration, as the experience is still quite limited. | 
Nailing seems to be indicated if it is not possible to ff 
fix the fracture with the usual conservative measures Ws 
in such a way that the suppuration can be effectively ie 
combatted, or when the sequestrum-formation which causeaq — 
the Suppuration makes it necessary to expose the frac- By 
ture Site anyhow. ve 
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An unsatisfactory position of the fracture is not. 
sufficient reason for the nailing. It is better to wait 
until the acute suppuration has subsided and the wound =~ 
is healed or has closed except for one fistula. External — 

- circumstances can increase the number of cases suitable 

for the nailing during war time. When for instance a 
hospital has to be vacated or moved, it has to be con- 
sidered that the nailing simplifies the transportation 
of the patiant argreat=ceal. However, it is necessary 
to keep the patient under the care of the surgeon for at’ 
least 8 days after the operation, if possible at the 
same place. 
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It is absolutely necessery that sufficient technical” 
skill is available, that the correct procedure is chosen 
when mailing infected or fistulated fractures. It they 

nail is chosen too short or too thin, thus not placing 
the fracture absolutely at rest, if the wounds are not ve 
left open or do not drain at the correct place, or if not ~~ = 
opened at the correct place, or if not opened immediate aly 
| men an infection occurs, or if the use of the limb is 
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feould have been avoided and must be prevented in the 


started too early, the infectious wound-secretion is 
Sucked and pressed into the marrow along the nail-slot 
when the limb is moved even slightly, and a marrow-in- 
fection will occur. Though this infection usually is | 
chronic and the fractures have healed firmly in the ob- 
Served (3) cases, it is an “incident of treatment" which 


future. : 

The good experiences in open fractures, together with 
those in acutely infected fractures permit one to con- ‘i 
Sider also fresh gun-shot fractures as suitable for nail- 
ing if the fracture is not older than 8 to 10 hours and 
if no evidence of wound-infection has arisen. 


AS yet, we have observed only 4 cases of frac- 
tures in the tibia by KUENTSCHER (bomb-splinters) 
and 2 cases of gun-shot fractures in the femur by Ns 
BOBHLER and HEIM, ail of them were healed without 
complications (except one case of infection at the 

_ place where the nail wés inserted). But the obser- 
vations of EHRLICH, whose comjound fractures are 
very much like gun-shot fractures on account of 
their conditions and prognosis, can be referred to | 
when the usefulness of the method is considered. 
tt. rs significant that EHRLICH wrote to the author 
that hac"was not forced to drive the nail in after 
an infection ha@ developed mepeee he employed 
primary nailing". | 


Personal experience is important when treating gun- 
shot fractures. The greater. it is, the more can bé dared ~ 
and the better are the results obtained. Absolutely ne- © 
cessary is experience in the treatment of gun- shot wounds 
in general and the availability of a sufficient variety “i 
Of nails. A nail too short or too thin can never keep OE 
the fracture absolutely at rest and thus the hazrd of in- © 
fections is increased. H¥@mrthough the nailing of a com- © 
pound fracture is technically simple and can be performed 
without an extension apparatus or X-ray equipment, care 
must be taken that the wound is not treated incorrectly 
and thus the hazard of an infection increased, and this 
danger of faulty treatment also not be increased further 
by a nailing of the fracture. 


Generally it can be said: The fresher the injury 
is and the more the conditions of the wound allow one 
to hope for an effective control of the infection by 
surgical treatment, the earlier is the stabile osteo-. 
Synthesis advised as this method, in addition to pro- 
viding absolute rest (thus a means of infection-defense), 
is able to free the patient immediately from pains, 
Simplifies the cere, and,last but not least, provides 
the best possibilities for transportation. 


Especially is this simplified transportation a de- | 
cisive factor at rapidly changing fronts<and with Airborne 
Medical Troops. A technically correctly nailed fracture 
does not require a cumbersome cast. The wounded person et 
can be transported without difficulty with a truck, horse-_ 
drawn vehicle or sled, in emergency case even with an 
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fr iar sitting Te an ea aa the. etion ee he 
_ vehicle does: not cause any pain to the patient, and no- 
shifting of the fragments (especially hazardous when a! 

infection his to be feared). When considering the fact 
that in rapidly moving troops and in Airborne Units th 

fate of a femur-fracture depends very much on the possi- 
bility that adequate fixation can be obtained with earl, 
evacuation to the rear, one will decide to nail in more © 
cases than usual as, in the femur particularly, the fi 
ation by the nail is very stabile. Thus it is unneces 
ary to employ any adcitional fixation bandage. Under 
those circumstances, even without great expericnce, one 
- @an risk an unlucky: fate which is to be expected without 

tho nailing. For the colleagues with the above mention 
troops this mehhod opens new concepts which are inter-— 
meine, but carry great responsibility. | 
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4 Some cf the cases of marrow nailing are technically easy to 
‘perform. But the cifficulties may also be crensicerable. That Z 
they can be overcome is shown by the fact thet ve never were 4 
forced in some 300 nailings to Ciscontinue the operation, as he 
' SCHNEIDER (Zbl. Chir. 1942, 1854) reported recently in cne of ‘ 
‘his casese It is, however, necessary thet 11 technical “l 
“equipment should be available in the operation rocn, anc that : 
‘the operating surgeon should have sufficient, at least 
' theoretical, knowledge of the method. It is better to gather 
“some experience in eccollabcration with semeone alreacy skilled. — (oa 
©All visitors are very welcome at our clinic. It should net é 
"hadpen, that a nailing is uncertaken with insufficient knowle¢¢e : 
mand incom>lete apparatus. It must be avoicec thet the new frecture 
‘treatment should cause more harm than goo¢ due to preventable 
“mistakes, and thus be Ciscouraged by the surgical prefession on the 
basis that risk. anc gain are not ina fair correlation. This E. 
danger increases if only a limitec number of specially selectec | 
successful ceses are publishec. We have reported without restrice : 
tion about unsuccessful operations at our clinic in Kiel. The : 
number of such cases is unimvortent, consicering only that cur ad 
“material also incluces the first nailings ever performec, and 
‘thus those ceses in which the early experience was collectec. 
pro supplement the reports of KUEBNTSCHER we publishec nine months ‘ 
"ago a complete revort on cur further experiences (A.¥’. FISCHER | o 
send MAATZ, Arch. Klin. Chir. 1942) to which we esvecially refer a 
‘concerning the matter. In the meantime our eynerience has further 
‘increased, and the sum of them wes publishec in "The technicue ry 
‘of the marrovenailing method" of KUENTSCHTR anc MALTZ. Permilssicn 
to print this publication, completec in Deconhr, 192, res Be. 
delayed Curins the wer. | ; r: 


ie 


Therefore we consicered it necessary to renort here about the 
restoration of configuration and kinenatics by the marrcv- ae 
mailing method"! anc to ecmplete the last report of. KUENTSCHFR ae 
fon the "technique of marrow-nailine". A.W. FISCHER points cut Ris 
in his preface to that beok, that the ineications are esvecially © Ls 
invortant, and. Givices frectures into these "very suitable" t 
suitable", "less suitable" and "unsuitable" for nailing. tt 
‘is not possible to give a complete list of all imaginable cesés rs 
‘of fractures which can be nailed. But we are able to give brief ie 
general cirections. The surzeon who undertakes. to nail shoulc Ng 
k ow these Cirections in Cetail. He will be eble to Ceternine Fan. 
by the X-ray picture, whether a frecture "must" be nailec as there : 
is no better way cf treatment, or, whether it is "possible" to ‘ 
fail it or whether the frecture is "not suitable" for this a 
Wprocedure. Moreovor, he will also know what he must especially . i 
watch for Curing | the post-cperative treatment.. When.can -ne expect — 
‘stabilé’ostéo-synthesis, which must be maintaine@.curihg the — A 
ire process. of healing cf the fracture? Which. eventualities | 
change a sae aga stabile. osteo-synthesis into.an, . at 
inadequate one early or, later?...The nailing should, peg possible, : 
be regarded ‘as a technical piece of wrk. Just es ‘the carpenter's a 
nail joins tao” boards with elastic. nower ,. the marrow-nail. sheuvle (Stam 
connect the. ‘bone ends: “The? nail, criven’ in by. a. hammer, - sho Beer, ae 
firnly fixed in both. pieces of the broken bone-in such a ihe the ae 
ry shifting of the bone» enc's, is. rencerec impossible.) . | 


~The nail is. hele iby” ‘friction of the inner reu~h ralls cf the i 
bone cylincer. As the*inner Ciametcr of the bene eee the oa 
Mail has to possess consicerable, ciameter-elasticity. Thorefere, Sa 
its cross-sec* ion te: U-shaped. The» elasticity woule be evens i yes 
2 ater if. the. mail had a pCpnebe shepet ". eress a Bech Lonit), «The re 
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Et 10 ecers edges of this shape woulc also be an Phiuantace. as vill 
"be exvlained later on. But technical cifficulties have arisen 1h ae 
pfor the present in the ccnstruction of sets of these nails. 

 : ; 
q After a successful nailing the friction between nail and bene 
pean be strong enough to resist several huncred kilograns of fercee 
/But the conditions are not equally favcereble vith all hollov ved 
peylincrical bones. The shape of the bone, shape and location cf 
‘the fracture, en¢ finally the possibility of insertine the nail 
Pinto the bone cylinder, are all of,imnortence. An iceal nailing oa! 
"cannot be obtained in every case, but even then the new methed a 
pay provice some acventacese ne 
4 The most favorable ecnditions ere frune in a bene vith only 
eminor variations of the ciameter of the marrovecavity, anc which er: 
Ibe treatec with a straight nail. Location ene shape of the fr- pe 
pare not important in that case, if only both fragnents have a 7 
isufficient length to »rovice a satisfectory hole fer the nail. . 
t has only to be consicered that in ense of.a Cefect  -n cne sice 
Bircakine out of a niece of bone) the nail is not suno-rtec by 
ithe bone, but all bencing stresses ccecurring st the lccation efon 
fracture have to be withstood by the nail itself. je 
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fil, 1. IGeal concitions fcr the nailing. ee. 
4 a) direct fracture, al 
b) transverse fracture, a 
= ec), a) cefects of the bone cylinder. ae 
 - Uniforn cianeter of the marrow-cavity, straight nail. 2 oie 
q In cases a) anc b) the nail is supportec by bone cylincer, 
in case c) the nail is not sunportec_ by_bone eylincer, a 
thus the nail nust withstanc strong bencing pressuress 


If the friction between nail anc bone is not sufficient (a 
nail acts as a bolt. It prevents bencing of the axis ance eta 
eral Cisplacement, but pernits rotation. Morecver, the shape ee 
the fracture is at imnortance for obtaining stability. in A 


aly ‘ ‘ ‘ 
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} The smooth transverse fracture may rotate in either cirecticn, 
- the spiral fracture rotates anc shortens, as the oblique planes 
/of fragments slice along each cther, anc the cefect fracture 
' craws closer together until the bones find a hold on cne enocther. 
a 
x Favorable conditions also occur in the jageec transverse 
fracture and in short anc long oblique frectur¢s. In the first 
'case the muscles press the jageec ends °>f the fracture together. 
Thus the fracture is preventec from bencing anc twisint by the 
interlocking of the "HIRTH-teeth". 


In the case of an oblique fracture a more ocr less insignificsr” -: 
shortening will occur, which is, however, never of practical imvoort- 
hancee It Cepencs on the failure of correlation betrreen the ia 
‘diameter of the nail anc marrdw-eeavity enc will eontinue until 
"the nail anc bone ere in close contact at the incicatedc (x) points 
(Ill. 2b). Beyond thet voint no further rotation can necur, as 
eit would be combinec vith a lengthening of the bone eylincer which 
is strongly counteractec by the muscles. 


: Less favorable ccncitions ere frunc in bones having ernsi¢ers>. — 
variations in the Cciameter of the marrow-cavity. If the frecture : 
ms loceted at the part cof the marrovecovity vith the sm-llest ag 
iciameter, a correct nailing effect crn be cbtaeinee cvine to the 
me oveter elasticity of the nail. Over a renre of scveral 1 a 
centimeters the nail will have sufficient fricticn in the marrov at 
Bavity 6f both . fragments. If this frictincn is not consi¢crable, ‘ 
the nail acts as a bolt, anc thus only prevents leteral a 
i 
ie 


Gisplacement. If it is a transverse fracture, the encs f the Ri 
fracture, which are interlocked anc safe against shifting, are 
also pressed together by the muscles, so thet no bencing of the 

axis can occur. Shifting in the sense cf rotetion is prevented ae 
by the interlocking of the teeth. (ae 
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i. 2. Favorable concitions at marrer-belting. | 


a) toothee transverse fracture . 
b) oblique fracture. | | SNe 


ASE Favorable fracture cf bone with varying Cianetcr of 
me the marrow-cavity. 


Breaking cut of a piece of bene results in a bencing of bie. nes 
fracture, until the lewer end finds a firm hold at the a 
eorticalisse | A 
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If there is a piece of bone missing et the penaae site, a 
angulation is inevitable. : 
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If the fracture is not locatec at the narrowest place of.the 
_ marrow cavity, the shifting which can be prevented by the nail 
Be opends nn the difference between the width of the bene cylincer 
and the Ciameter of the nails If there is arly chance thet the 

' ends of the fracture may shift laterally for as much as the 
. Be hickness of the wall of the bene, we have the least favoreble 
4 conditions. Dislocation of all four kincs may also occur. 
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thm=«n<Kk 7 same principles obtein as those cescribed 
as "bolting" (Ill. 5 


The situaticn becomes complicatec if the nail is inserte¢ 

i Efron the side. No rotation between nail anc bone cylincer is 

® possible in the fragment threugh vhich the nail is insertee, 

e but the strong friction which has t> he chtainec to jein the ‘ 
) fragments will in most cases nct be achievec, because the neil 
has to have a smaller diameter then the marrow eavity €T11. Gade 
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If the fracture is locate¢C at the Galeneweet place cf a 

' tapering marrow-cavity the cifferences of Ciametcrs vill noe 

|be very cisacvantagecus (T1l. 6b). Regrettable anc very 
important is the fact that the nail inserted from the sice has 
»to have a consicerable elasticity tc allow its insertion. When > 
ithe bone cylinder is again intect after the nailing the one 
pends stanc one on the other "bend=proof", Nr cislocations can © 
Foccur. But if the cylincer of the bone has any cefects the 
_ bencing forces in the nail may easily increase sc much that the 
elastic nail yielcs anc angulation of the axis is the result. 
'This process of deformation of nail anc location of the fracture 
“may lead to a visible shifting of the axis. It may, however, 
“appear only when the limb is uncer weight-bearing enc may . 
' cisappear again when the weight-bearing relaxes. In that case 
‘the change of position causes a celay of callus formation owing 
to the inacequate fixation. 
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Tll. 5. Unfavorable conéiticns for nailing (or bolting). Men 
4 therefore dislocations of all four kinds. aes 


6. ‘Insertion of:the nail’ laterally. . | | a 
a) Unfavorable in care of uniform bone Ciameter with a na" 
°°. which must needs be too thin. . Og 
| ab). More favorable with wicer Ciemeter of the bone. at ‘the an 
_ Place. saniors. nail 43 AnBEr Gets, fe ae 
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. Very favorable concitions are found in twin bones, as in. Sy 
othe arm below the elbow. Even if the friction between nail anc a 
Pinner wall of the bone: is unimnortant, the fragments will never me 
twist at the fracture points Fy and Fo (T1237) cas: the: Joints: , Rt 
always counteract each other, Also a ben¢ ing of the axis will 

"occur less easiiy, as both bones sunnor’: each other securely 

» in at least one plane. 
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PIll. 7. Favorable conditions in the lower part of the erm. 
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‘ While the nail rests in the bone, “some changes occur which | 
are important ant have tr he ecnsicereds At. .the inner wall of’ 
the cortex the pressure of the rail causes a loss of substances 
The friction between bone anc ra.l is Ceereasec by this. As the 
loss of bone substance is most considerable at the »laces with 
‘the strongest pressure, slice-grooves are formed in the marrowe 
‘cavity (KUENTSCHER; (Tl1. 8). The more marke? these slidc-grooves 
fare, the greater is the security against rotation. Therefore 
hails with sharp ecces are to be preferrece | 
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4 If the nail is rounc it is to he expected that: even at a 


late stage of the healing process, a rotation may occur when the 
nail becomes looses 


= Ste uh tees 


PS eo 


4 Up to this »voint of the report we have spoken only about 
the relation of the nail to-the bone cylincer (the compacta). 
Now we also must speak of its relation to the svongiosa of the 
bone-ends. Though in most cases the hole of the nail in those 

bone-parts is not important, and one must relaize it is of 
particular im»vortance in some cases, with rerardc to the amount 
pt weight-bearing this soft bone tissue cen stanc. 
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: 4s an example a case of transplanation of the racius on 

the ulna neer the elbow shall be mentionec¢. A healing cf the 
‘bone hac not been achieved after five months, owing to infection : 
and the »Dlocking effect of the naile The joint was prractically 
stiff. Tre possible movements from.100° to 809 were not permittec 
b the flexibility of the nail, but vere cue to the fact that 

the nail has worked a slot in the spongiosa of the bone, in which 
the end of the nail hac movec 12 mms (see the victures taken at er 
the same position (Ill. 9). Bone tissue, which is rythmically Ra: 
01 constantly put under excessive pressure, reacts with abscrption 
at the place of pressure. Pressure of the nail.on the insice of the — 
cylinder of the bones end absorption of the bone tissue at the a 
inner wall of the periosteum causes an active reconstruction of they 
bone anc thus prevents a‘ breaking out of the nail. No similar ae 
reaction is to be observec in the * Hnety" part of the bones, The si 
Bt creates for itself a bed and finally euts through the eh Bag) 
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R111. 8, Slide grooves of the bone. | a 
ici. 9. Movements of the nati in the spongiosa of the ulna. a 
a ae 
i 
| For instance a subtrochanteric fracture should not be exposed a 
to weight~beering in its early stages. In cases of a fracture Ma 
bof the vina near the elbov the «rd of the nail has to be mace a 
particula: sly broad to prevent tne nail’from cutting through the Ba 
bone vise ‘nee ee, 
q This fact has also to be consicered in the nailing of the aa 
Tacius. ‘The nail, inserted at the proc.styloideus, has to be ne 
bent accorcing to "the X-ray picture before insertion. If it is 
Hleft straight the enc of the nail will work with elastic forces ees 
sinto the bene and thus into the wrist joint, if the fracture ie 
fis not in the cistal thire and the bone. can give vay vith eae 
neni Cislocation at the place cf fracture, as reverted ae 
. Ear 
q The result of a PAUWEL operation as mocifiec by FUENTSCHER ere 
Strikingly demonstrates the limitec capability of s-ongy bone So 
fto withstand weight-bearing. A subtrechanteric estectomy ves ee 
performed for coxa vara with a reconstruction zone anc the site Re 
‘ef the osteotomy was fixed with a marrow-nail. The upper part | ae 
of the nail w-s located in the neck of the femur, the lower part in 
the marrow-cavity. As the tracings cf the X-ray rictures (I11.12), 
put ene on top of the cther, show the enc of the nail-headc worked et 
4 considerable hole in the snongiosa of the bene anc thus largely ge 


frustratec the success of the cperation. 
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mes Tho nail breaks out letqrelly -ctithe trachentor dee haga? in’. se 
cese of subtréch-=nteric fracture besring witht too carly © 

eis Leavy oretic mechanical conditions, duc to a stiff nee Jee am 

i,11, The ond of the nailehead, which ought to heave boon Dont, 

ii Cestroys the Sete Sipe bone with ginetic forcesb. | 
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cases, thus ay 

wae picts tr ar nieve an” - cenentive stabile:). 

Tac shape of the nail must be acapted te t 

ga con be ha fee cone as much as possible, The experi 
or this subject will be revorted on laters 
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In a recent report in this periodical I pointed 
to the fact that some of the fractures of long bones 
treated with a simple KUFNTSCHFR-nail may not be stabile, 
and the fragments of the fractured bone would still be 
free to change their vosition, For this reason it is 
not vossible to properly -call those cases "stabile 
osteo-sythesis”, But if this cannot be obtained it is 
not to be expected that callus wil” form cnicly and 
undisturbed. Fven the parts of the fracture may 
shift so badly that the resulting position must be re- 
called "faulty", (Fehlstellung). For these reasons 
EHRLICH now has begun to place every fracture of the 
tibia in a plaster cast for a few weeks followings the 
nailing as a preventive measure, ‘e reported about 
a year ago (A, W, FISCHER and MAATZ) that nearly 50% 
of all fractures of the tibia had to be provided with 
an additional plaster cast. But this has the disad- 
vantage that the limb cannot be moved, and compound | 
fractures may be treated from all sides only with diffi- 
culty to prevent infection, ‘thich are suprosccly the 
main advantace of the nail method, New was had to 
be found to eliminate the necessity of the vlaster band- 
age, 


Inadecuate stabilization of some fractures may 
depend on the shape of the marrow-cavity, the location 


of the fracture and its form, as well as or the shape of 
the nail: or the vlace where it is inseritcd, JI.refcr the 
reader to the previously mentioned resort anc will now 


publish the exverience with new forms of nails, 


In case of the humerus it must >be remem>erec that 
the marrow cavity is conic in a sense, th t it is wide 
proximally anc narrow distally. Thus it is recommended 
to ins«rt the nail proximally, That me ns in most cases, 
as suggested by HAPBLFR, inserting the nail throush the 
deltoid muscle below the head, The width of the marrow 
cavity determines whether it may be sufficient to use a 
normal double - nail or whether it is more advisable 
to drive a conic wedge between the two nails, To this 
end it will be necessary to enlarge the hole in the side 
of the bone vertically so that there may be suf icient 
space for nails and wedge, 
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Illustration 1 
The wedge between the nails 


In the forearm only the fracture of the ulna near 
the elbow recuires an especially shaped nail, In that 
case the marrow cavity is very wide , the proximal part 
of the nail can only be fixed in the spongy bore and 


in adcition to this the bendine forces actin’ on the nail. 


“are very great , These facts detarmine its shape, Lia 
has to be broad proximally to vcrevent cutting throveh the 
Spongiosa, must have a considera*le diameter at the place © 
of the fracture to be bend~proof, and must be conical in 9 
the distal direction to find sufficient room in the marrow — 
marrow cavity. It would be a mista*xe to choos: a short na 
as it must receive suf“icient frdetion in the, rarrow- ec 
Over a wide area Gince otherwise it would tor out of 
the bone automatically. To S*event such a Wandering" ofa. 
the nail its head-end has to be mate a Little thinner, 
a ‘To make the insertion as well as the eventual renoval of P 
= the nail easicr, the differences of the diaxeters are marke 
‘ ed in distinct steps. Thus thr nail "eats" its bed into i 
fh) «the spongiosa at its insertion and cannot «ick in the bones 
when removed later. The use of this teechnicue also avoids © 
¢ the use of a-large drill-hole in which the nail would fea 
inadequate supvort, 
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Special nail for a fracture of 
of the ulna near the elbow : 


\ 
ay \ 


With the femur, the conditions which are related to 

3 the treatment of the fracture with the simple marrow-nail 
- » are much more favorable, The marrow cavity has the same : 
diameter for nearly its whole length in any case in the » 
part where most fractures are observed, In addition to 
BE: this, a straight nail can be inserted thus r-suring a stabil 
% osteosynthesis in most of the cases, Consenvuently all | 
4 ‘authors, who have revorted about any crocrience wth the | 
marrowenailing method, state th.t the new method of treat- =~ 
-ment is a considerable advance, esicevally in the femur Revers. | 
(EHRLICH, SPRFNGEL", BOFHLFR, HAFBLER, H™ .20G, B:.U'R, hg 
CFLLARIUS, HEIM ee But even in some of these cases the 
ouestion bay arise ahout the shave of the nail which might ~ 
fit better into the shape of the marrow cavity than does 
the ordinary nail, 


The marrow cavity of the femur is distinetly conic ae 
below the trochanter, Fractures in this region, especially 
obliaue fractures, may show a lateral cisvlacement and a 

corresponding shortening though the marrow nail was used, 
‘This disadvantage may be easily prevented by the insertion — 
of a nail sufficiently thick and conie in form, The thick- 
hess of the sheet from which the nail is mace may be kept 
Wery smalF to prevent thé nail from “eine too heavy, <Av wa 
the same time the nail gets a broader supsort in the trchante 
major, allowing the patient to bear weight esarlior without 
running the risk that the nail may cut through the spongio 


Tllustration 3 
Subtrochanteric transverse fracture 
a) with normal, b) with conic marrow 
nail, 


The use of such a nail is esoecially ilidun tant in, thes 
Spontancous fracture associated with tumor-metastasis, i 
Experience has shown that the marrow cavity is unusually 
wide in bones so affected and in suchiway that an ordinary — 

“nail will never be sufficient, In fractures of this sort — 
the stabilization by a marrow nail for a rather long time | 
is urgently needed, es it can never be knovn, when a heale 
ing of the bone may take place or if a TALE oso tat all, 
In tvo erases nailed by, (us, the eral lest cismeter of thai 
nail was 16 millimeters, 

‘The younger the patient the more distinet is the 

Imarrow portion of the’ marrow cavity at. the sid°le of 
_the f-mur. The more distal the fracture is located fnom 
this place, the more will be the reevired nril which will 
fit into the shape of the marvow cavity Our experinele eae 
in this respect are not completed as ee The illustration = 
gives an example of a possible solution, Two nails are ; 
used with an U-shaped cross section, ° which are put ‘into 
one another in such a way that one side of the U is lodecd 
sbatween the sides ofthe oth-r U; and owing ‘to the shape of 
the nails, which are driven in 30 that one nail goes in a ~ 
“little ahead of the other, the points of, the tio nails — 
spread, thus increasing the total cross- section of the nag 
But the insertion of these nails may cause difficulties, 
this. reason we have not as yet started a Lar: e production / 
of this design, eS 


Illustration 4 


Double-nail for the 
femur bates 


As soon ‘as Par ricient experionce has bron vai ned a detaile 

report will be etven. : 

Be 

The stabile ost nhayatheale ie particularly difficult 

to obtain in the lower leg as the marrow cavity has a disti C 

narrow part in the middle, the nail has to be inserted i 
laterally and this nail has to be springy. 


Illustration 5 


x Fractures above the narrowest part of the marrow- 
cavity can be provided fairly easily with conic nails, aR 
hm necessary by inserting a third, shorter nail.or in special 
- Gases a conic wedge between the nails, ee 


oe Though fracturos of the tibia in the mid@le of the 

shaft are not so scrious, as the nail can always be lodged 
_  ¢lose to the inside of the bone, the simple coubleenail 
' does not scuarantice an absolutely correct  cosition of the 
axes of the fragments, ‘ 


a : Illustration 6 
a Insertion of the turn-spread-n-il 
as into the tibia, | 

a) Insertion of tho inner “nail be- 

fore turning 

ites), Oy Tngertion’ of the ‘onter: nail: after 
completed insertion of the inner 
one, 


( 


It is liably to recurve and this may even be furthers 
ed by the curvature of the nail, A turn-spread-nail. has 
given excellent results in these cases'as well) ar with 

ransverse fractures, which are located distally to the ‘4 
arrowest place of the marrow cavity. ‘he ater nail matches. 
‘the one so far used in the simple double vsil, Zhe inner 
mail is S-shaped, massive, clastic, with an oval cross~sce 
Paener nail is first driven in cor voletely. 
ng the insertion is shown in the illustration (111, 6) 
ed by ie diate Bere ximatcly tyvo thirds eee 


. sngth have eek inserted in ae one “The net of ine 
nail then has enovg’? room in which to turn, Tho head of — 
of nail is furnished with a slot in which a screw-driver — 

an be inserted to turn the nail, If any difficulties arise 
pias to a sticking of the point of the nail on tho rough 
inner surface of the bone, it is easier to turn the nail 
while driving it in‘further, 


a 
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Short ROU ey fracte 


f PP ystration 7 
i! ure ‘Or \Ghe tibia witn 


turne-sorerd-nail, 


a After the inner nail hes been driven completely in,’ 
» .dt is prevented from going in any further, Curing the 
insertion of the outer nail, by means of a ‘iro or a 
¢ross-pin which are inserted in,the hole at the head of 
the nail, 

‘The outer and inner nail togethor form cvite a massive — 
a cross-section in the resion of the narrowest part of the. | 
| marrow cavity, though the cross sections are of such a f 
shape that the surfaces of the nails do not tovech one ee 
¥ another over a wide space, ‘The total cross section must bees 
| be smaller than the diameter of the marrow cavity to prevent 
. the nails from:completely filling the marrow space (fat 
embolism), This has the disadvantage that this nail does _ 


ner st any other place. of the hone... Therefore it is réalige 
wonly a imatter of “bolting, -For thie reason this, nail 
Cannot be used with fractures in the distal part of the 
marrow cavity of a triangular form, no: for pheseue fract+-.. 
ures, in which cases an absolutely ticht wedi n« of the 2 ae 
nail and the inner surface of the bone h-zs to he obtained, ae 


With these fractures it i the estes am - 
_with.an inclined plage. Phe points of the nails cre spread 
lapart by an inclined plane, which is»atteched to the outer 
Mat 60 a6) to ‘direct the inner nail ibactucrds,..0f. courses 
the outcr nail which has an inclined plano must be driven’ 
‘in first, and the inner nail must cross the inelined plane. 
only after the inclined plane has penetreatcd the bone : 
_ distally far enough so that there will be sufficient space ~ 
between this plane and the op rosite rear wal’ of t>e tube 
of the bone, This canrot be achieved until tho outer noises 
-is completely driven iny Then, during the driving in of 
“he inner nail, a further penetrating, of the: outer nail 
into the marrow cavity is prevented by fixing it with wire 
and counter-traction, It is recommended, to drive both 
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nails in at the same time in such a way, that the outer 
nail advances ahead of the inn r nail far enough to place 
the voint of the inner nail close behind the inclined 
plane, 
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Illustration 8 


To achieve this, a special device is needed to keep 
the points of both nails in a correct relation while being 
inserted, (Schlag Aufsatz) (Ill. 9).. If this is not avail- 

able the outer nail must be driv~n in completely first, 

; But then there may arise the disadvantaze that because 

of the inevitable great friction the insertion may be 
rendered vwery cifficult, In using this nail it is essential 
that the inclined plane should be located at 2 correct 
hight, For this there must be chosen the place where the 
two nails ir the distally expvanding marrow cavity have 

Space enough side by side, This is the point, where the 

end of the plane has to be located. Generally the cistance 
of this place from the point of the nail is 5-7 centimeters, 
In any case it should be measured from the tip, Minor mis- 
calculati:ns of the total length of the nail may be correctod 
by driving the nail in more or less deeply, It is a matter 
of course that the determination of the lensth of the nail 
should be made very carefully, 
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Illustration 9 


Nails in the lower leg are sometimes liable to rotate 
inside the marrow cavity. This may be due to the fact 
that the nail is unintentionally driven in a little me- 
dially or laterally from the central axis of the marrow 
cavity into the tuberosities, Thus the nail must 
make a rotation by which it approaches the middle of the 
marrow cavity. Another reason may be the more or less 
distinct oval shape of the shin-bone, The nail has to 
fit into that curvature and it is easier for the nail 
to make a rotation of 45-90° than to bend siceways, 


We became aware of these facts only when wsinc the 
spread nails and are now endeavouring to eliminate those 
shortcominss, We are trying to place the level of spread- 
ing at the point most favorable to the fixation of the 
fracture. If the points of the nails are intended to lie 
close to the tube-bone at the front and back, the place 
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for introducing the nail at the tuberositas has to be 

at the center of the marrow cavity (to be detetmined 

by means of X+rays), Furthermore an attempt must be made 

to prevent any ultimate rotation of the nail CTI. toa Tk; 

But in case of an obliaue fracture, as shown in I1], 11, the 
place of inserting the nail has to be placed more medially, 

The outer nail will turn inwards unassisted, 
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Illustration 10 % 


Fractures of the tibia with Spread- 
nail with inclined plane, 


The triangular sup>rort of the spread-nail with in- 
clined plane is a very stabile system, Generally a 
stabile osteosynthesis can be ottained in that way, But 
all our attempts to have patients with fractures of the 
lower leg ambulatory then the third postoperative. week 
did not have good results, Fven when there occurred no 
shifting of the fragments or pains at the cleft of the 
fracture, the most certain signs of inadequate fixation, 
as well as swellings apveared, Therefore we recommend 
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that fractures of the lower_leg should _ not be made 


EE OO ee Se a ~~ ee ee “- mee me ee et en es ee ee ee 


ambylatory before the end of the third week, 


Anyhow, the principal advantage of the stabile 
osteosynthesis is the possibility to exercise the log 
freely in bed by unhampered motion, 


The above mentioned sample of the nail for the ulna 
showed already that it is necessary in special cases to 
use serrated nails. They are always to be used if thrre 
is some danger that the nail may stick fast in a marked- 
ly conic marrow cavity. This is particularly avt to 
happen in the marrow callus of a fracture oririnally healed 
ina faulty position which has been treated by osteotomy 
and then nailed, In that way a surgical intervention is 
mace easier, as it is not necessary to widen the marrow 
tube, Thus the advantage is gained that the nail lies 
absolutely stabile in the tube of the bone, The device 
of the serrated nail is absolutely necessary if a fract- 
ure with delayed formation of callus is to be nailed per- 
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cutaneously, Also, the serrated nail may be helpful 

in the removal of the nail, This will be necessary for 
instance, when Y-nails are used, These nails widen into 
spoonshape in the distal part of the marrow nail, to 
provide the nail with sufficient friction in the marrow 
cavity in order to prevent rotation, The proximal part 
of the nail has a smaller diameter and the removal of 
the nail can only be accomplished without difficulties 
when serrations directed backwards cut the callus, As 
an example of such a case an osteotomy of the femur may 
be mentioned, The bone was exposed in the way proposed 
by KUFNTSCHER, After the covering layer of the bone has 
been removed, the marrow cavity was not widened, To se- 
cure a good fit of nail and bone the proximal part of 
the nail was built conical and this conical part was 
provided with serrations (see Ill, 11). 


Illustration ll 


Osteotomy of a fracture of the femur 
healed faulty. 


Beyond this we do not consider it necessary to give 
illustrations of other vossibilities, z 


The nails were developed in collaboration with the 
firm of POHL, The spread nail has been used 7 times, the 
turn-spread-nail 5 times until the present (Fd,Note 1943), 
The experiments led to very good results. Thus, at our 
clinics the simple double nail is not used any more in 
the leg below the knee, It is expected that at other places 
the development will be on the same lin’s, for even in the 
most favorable case, the transverse fracture 2t the narrow- 
est plaec of the marrow cavity, the turn-sprcead-nail is 
to be preferred as it prevents the otherwise easily occurr-~ 
ing recurvature, Difficulties encountered the first time 
this method is used, will be mastered soon, Poth kinds 
of nails are manufactured in the used lengths vp to now. 
The end of the inclined plane (the middle of the bloc 
whieh bears the inclined plane) is at a distance of 5-8 
centimeters from the voint of the nail, Thus every hosvital 
will have the possibility to shorten the nail for a short 
bit on the whetstone, After thet the nail has to be pro- 
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vided with the correct curvaturc, which inclines toward 

the other nail to facilitate its insertion into the distal 
fragment of the bone, Another possibility is to suvnply 

sets of noils with a separate inclined plane which can be 
attached to the nail it the place desired at the operating 
hospital, It has,however, to be considered that the 
riveting has to be done very carefully, as the block must 
not get loose under any circumstances, The necessary drills 
and drill pattern and the rivets alreacy fixed on the block 
have to be delivered by POHL separatcly, This has, how- 
ever, to be regarded as a temvorary solution for the time 
being. During the war it was hot vossible to supply every 
hospital with a complete set of marr@w-nails made on HERZOG's 


improved lever-device for tise in marrow nailing, I recommend 


as a temporary expedient that the single nails should be 
ordered by telegr2ph, It has been arranred with POHL to 
orcer the turn-spread-nail for the leg briefly as "turn- | 
nail 32" the number indicrtin: the length in centimeters 
and to abbreviate the spread nail: "spread nail 32/5" , 
the first number indicating the len-th, the second number 
the distance fro» the end of te inclined plane to the 
point of the nail in centimeters, It is only in cases of 
compound fractures of the leg that the nailing must net 
be delayed for 2 or 3 days, 
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